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PREFACE. 


In the following pages is given an elementary account of 
some of the marvels that have been revealed by the use 
of the telescope and two of its most indispensable adjuncts 
—the spectroscope and photographic camera. These in- 
struments of research furnish results easily u understanded 
of the people,” hence it has been possible to provide a 
fnbulum which Can be digested by all who are interested 
in astronomy. 

Many of the illustrations make their first appearance 
here, among them being the line drawings done 'from 
my sketches, by Mr. E» B. Ridge. Mr. Cowper Ranyard 
kindly gave me permission to copy Rigs. 35 and 36 from 
his excellent plates in “ Knowledge,” and Fig. 30 is based 
Upon a diagram and a table of parallaxes given in the same 
journal, Dr. Isaac Roberts, F.R.S., has permitted me to 
reproduce Figs, 38, 39, and 40, from his marvellous photo- 
graphs ; and the Council of the Royal Astronomical Society 


furnished me with Figs, ar, aa, 27, and 33. Figs. 5, ir, 
and 13, are from Young's “Sun,” by permission of the 
publishers j and Fig, 34 is from If The Midnight Sky,” 

; published by the Religious Tract Society, Figs. 3, 4, 
and 7, originally appeared in <f L’Astronomie,” conducted ..:’ 
by Camille Flammarion, Two of Sir Howard Grubb’s ! : 
.forma of telescopes are;, illustrated by Figs, i and 2 ; and 
Mr, John Browning is the maker of the instrun^nts 
A ■ . [■■■, .j/cv , t .. 1 
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shown in Figs. 9 and 10, Fig. 21 was purchased from 
Messrs. Cassell & Co. To all those who have assisted in 
the pictorial embellishment of the book, I tender my hearty 
thanks. 

Even greater is my sense of gratitude to Mr. W. E. 
Plummer, M.A., who took the trouble to read the book 
while it was passing through the press. I am glad to have 
the opportunity of publicly acknowledging my indebtedness 
to him for many valuable suggestions, 

Kicmaud A. Grkgorv, 

WjMm.EDON, SUKKF.Y, 

September^ itys, 



INTRODUCTION. 


A VIEW of the sky on a fine night 14 when ail the stars 9hine t and 
the immeasurable heavens break open to their highest,' 1 excites 
the wonder and stimulates the imagination of every thoughtful 
mind. Like brilliant gems set in the roof of a vast dome, the 
heavenly bodies glitter and gleam upon the dark background of 
space, making us conscious of the immensity of the universe in 
which the earth plays so insignificant a part. 

The glories of the heavens have appenled to all men at all 
limes.; l To primitive mankind, the earth appeared to be the 
centre of the universe, nnd all the heavenly bodies were sup- 
posed to bo subservient ta it. In that remote day, when 
science was reduced to simple deductions from the impressions, 
it was concluded that all things were made for man’s especial 
benefit, the sun to serve him by day and the moon by night. 
The motions of the heavenly bodies were tlicn',smdicd because 
of their relation to the seasons. They regulated all mundane 
affairs, declaring the time for labour and the time for rest. 
And from the idea that these indiums were created for the con- 
venience of humanity alone, grew the pseudo-science Astrology, 
Hut clocks and calenders render it no longer necessary to note 
l he position of the sun in order to tell the time of day, or to 
deter mine] the month by observations of the stars visible in the 
midnight "sky. The observational astronomy of the ancients, 
dealing with the positions and apparent motions of the heavenly 
bodies, has therefore loft the minds of the people, and its 
votaries arc usually confined to astronomical observatories. 

The feeling of wonder at the profundity of space, nnd of 
admiration at the beauties of celestial scenery, is felt by nil, 
]n some mipcls (ho wopder is barren j in others. It gives nse \o 
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])io(i|;ilpkM hnnrjil. An in<|iihiii;; ;;lan<m jiI dir sl;y will vhmv 
lllilt many n| dm lnij;lilMni> hi. dm ivrll inaib'd i;|nh|i:<, lilt'll 
him* dm :mnm hum hi|;M alim Nrmly rijjllrt'n 

Imnihvd ymtl:, nun, I'lnli my divided dm .Inis into Idiiy rijjlu 
f;tnu;i!i m i t ii i id 1 »i i io n • • ¥ in riicli nf whi* h svji ];i\m a nuum n( 
a ehnrnelri ill Imatlmii inydiulnj; y, Thr ;;inira|im h;;iin j ’i 

whirh appear HphN Miiilnaje. aid ivh'-.li.il j;lnln >, |i'|iii">nU 
I'lnlrmy's i tin ill'll. ilinii'i tvilli 1 In? addilimi nf ahmil twenty nnnr 
ttralrd hy nimhim nsiimimimra In many lumln \\ Miwnup. 
tin* * *1*1 li;;Mlr:ii llir mmlli d t dimijdi I In* distiiM li\r lliiliir. inr 
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hmmdaiy nmiks, and air imd in nun ti dm miiiip way in. dm 
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llir f|*‘n}!ta|iliii;,d iiiiikI, t In- n.min iil'miihtt irs mu )i m* I Vim t- m 
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In Ilia* ninutn, dm a.limi'iiuei it t;eimial|y mi f until n with dm 
I-u'it nl tin* nicy, I liiil it In 1 ulr.i’ivr any tf i tial |')mnmimii.t a lm 
is ill ill- in say wlmde I il ni niiii'd in (himi, m l as mpri i, m 
dm mi any nihi l < mr.trHadnn, And din nnalney • ,t ii 
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•mi'll a . .Nirin a Wpa, and Ai« hnn\ lm j:nmially dir Irion id 
dm Inert. hljlinlri .Hr nsrd to dr apium llmdais in ii inn 
slrllal inn, dm lnij;hlr.l slni linnj; Milled Alpha, dn* ii' si 
lit i | ; 1 1 1 1 ' . I Mi la, and mi mi lliimijdi llm wlndr u| dm alphabet 
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I lif units move limn **ii*.l In west as il f ’iM d t*» a mOmI irvolv 
in;; vault, Tins nmlmn is nnt ir d. but mndy an appoml 
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stars which arc high above the western horizon at sunset to- 
night, will, in a few weeks’ lime, be lost in the [flows of twilight ; 
and, shortly after, will set at the same lime as the sun. In a 
year, however, Ihc same stars will be found to occupy the same 
position. This apparent eastward motion of the suit among the 
stars is the result of the earth’s annual revolution round him, 
and the path traversed is known as the “ecliptic. 11 The 
stellar background upon which the sun is projected thus 
differs according to iho position of the earth in its orbit. Stars 
behind the sun at mid-day to-day, will be due south at mid- 
night in six months’ lime, while those now visible at midnight 
will form flics mid-day background. Tn Ihc day, sunlight 
illuminates the atmosphere to such nn extent that the feeble 
star-beams are overpowered. Annihilate the sun at any 
moment, or strip the earth of ils atmosphere, and the stars 
would be seen brilliantly shining on high, 

Though the stars preserve practically the same relative 
positions upon the celestial vault from year to year, other bright 
star-like objects can froc|iicntly be seen which move among 
them. They arc not stars at all, hut planets or wanderers, 
revolving round the sun in a similar manner to the earth. 
There are seven large planets in addition to the earth, and 
nearly four hundred small ones, known to be under the con- 
trolling influence of the siui. Round the earth and fivo other 
planets revolve one or more moons, but with the exception of 
our own moon, none of these planetary attendants arc visible 
to the naked eye, 

The subjects treated in the following pages bolong to 
"physical and descriptive astronomy/ 1 , or “astronomical 
physics." Miss Clcrkc, in her admirable " History of Astronomy 
of the Nineteenth Century/* thus defines this branch of celestial 
science : 41 It seeks to know what tliu heavenly bodies arc in 
themselves, leaving the llow? and the Wherefore? of their 
mo vein cuts to be otherwise answered, Now, such inquiricH 
became possible only with the invention of tho telescope, so 
Galileo was, in point of fact, their originator. But Horschel 
was the first to give them a prominence, which the wholo pro- 
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eres3 of science during the nineteenth century has served to 
nfinn and vender more conclusive. Inquisitions begun with 
T w h»v« b«n ,nd Bri. cffecivc » 

th . . fnl . P directions by the aid of the spectroscope and 

nhotogmphic camera, and (here we follow Miss Clerke) a large 
poX of our attention in the present volume will be occupied 
with the brilliant results thus achieved. 
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CIIlU'TEl!. I. 

ASTIIONOMICAF. TI'.LESCOl'IiS, 

]]v looking through two spectacle glasses held a short dis- 
tance apart, objects can be mndc to appear nearer. The 
story goes that a child’s exclamation of wonder at the 
appearance of a church spire seen under such conditions 
attracted the attention of one Jean Lippershey, an optician 
of Middlcburg, in Holland, about i 0 o 6 , who afterwards fixed 
the lenses in tubes to form the first telescope; A patent 
was applied for but refused, on tbe quaint ground that the 
instrument only used one eye, whereas Nature hnd en- 
dowed us with two. 

Galileo heard of the discovery in 1609, and made a tele- 
scope on the same principle. The instrument bad lenses 
similar to those in n common opera-glass and only magnified 
thirty limes. However, such optical aid enabled Galileo to 
discover spots on the sun, to see four moons revolving 
round Jupiter, to view the phases of Venus, observe moun- 
tains in the moon, and distinguish a large number of stars 
invisible to the naked eye. A new kind of astronomy wns 
thus founded, before the inventions of the telescope the 
positions and motions of the heavenly bodies were the 
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subject of study; after, it became possible to inquire what 
the objects are in themselves. 

Though a modem astronomical telescope, with its 
numerous and complicated accessories, differs very con- 
siderably in appearance from the simple instrument used by 
Galileo, the optical principles underlying the construction of 
the two are much the same. Both consist essentially of a 
large lens, termed the “ objective ” or “object-glass,” to 
form an image of the object under examination, and a small 
lens, or combination of lenses, to magnify the image, If 
the functions of these glasses are properly understood, the 
power of a telescope to reveal faint objects, and to magnify 
them, can always be estimated. 

The human eye, or better, the eye of a cat, affords an 
excellent illustration of the use of the object-glass. In the 
eye is a lens, known as the crystalline lens, similar in shape 
to a small burning-glass. In front of this lens occurs the 
iris, which gives colour to the eye. A blue eye, therefore, 
means a blue iris, and a grey eye is the result of a grey 
iris, The eye-pupil is the small hole in the centre of the 
iris, Rays of light, which produce the sensation of sight, 
can only enter the eye through the pupil, and by a beautiful 
contrivance the size of this hole can be regulated. 

Under the strong light of noon the pupil of a ends eye 
appears like a very small spot in the centre of the iris. 
This increases in size as the light diminishes in intensity, 
and towards night becomes so large that very little of the 
iris can be seen. Now, the larger the pupil, the more rayn 
can pass into the: eye. In the middle of the day, sunlight 
is so intense that a very small window is sufficient to illum- 
inate the eye-chamber, and the pupil contracts. But as 
the night comes on, a much larger window is required. 
The pupil then opens to its widest to catch as many rays as 
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quite beyond the reach of the unaided eye. The larger the 
object-glass, the larger is the bundle of rays collected by it, 
and the greater is the ability of the instrument to bring 
faint objects into view. What the astronomer wants is 
“more light/’ and it is to satisfy his cravings that giant 
tclescopcB are constructed. 

So much for the function of the object-glass. Now as to 
the ability of the telescope to magnify the heavenly bodies. 
This power is obtained by means of the lens, or combination 
of lenses, at the eye end of a telescope. The object-glass 
bends the light of an object into a small image, which is then 
magnified by the “cyc-piece." Every boy knows that a 
burning glass will concentrate the sun’s light to a brilliant 
point, The distance of this’ point from the lens is known 
as the “focal length” of the lens. Now, the magnifying 
power of any telescope is calculated by dividing the foenl 
length of the object-glass by the focal length of the eye- 
piece. But the focal length of the object-glass of any one 
telescope is always tho same, hence the stronger the magni- 
fying glass, that is to say, tire less the focal length of the 
eye-piece employed with any telescope, the greater is thu 
magnification produced. The magnifying power can thus 
be varied at will by inserting different cye-pieces in the tele- 
scope. Usually several eye-pieces are supplied with n 
telescope; and a large instrument has a stock capable of 
magnifying from fifty to about one thousand times. 

Let us consider exactly what this means. A man at n. 
distance of a thousand yards appears to have a certain height . 
If a telescope, with a magnifying power of two, is used to 
view the individual, he will appear as if. seen at half the 
distance ; a magnifying power of three will enable us to 
see him as if he were situated at one-third the distance, and 
so on for other magnifications. When the man is seen at 
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half his original distance, his apparent height is doubled. 
In the same way magnifications o( one, two, three, or four 
hundred brings the selected object one, two, three, or four 
hundred times nearer, and the size of the object is increased 
according to the proportion which the diminished distance 
hears to the real distance, This principle applies to celestial 
as well as terrestrial objects. The moon is at a distance of 
2 40,000 miles from the earth. If this distance could be 
halved, the apparent diameter of the moon would be doubled. 
Wc cannot, of course, increase or decrease the real distance 
of die moon, hut by magnifying our satellite wc can bring 
about the same result as far as appearances go. An instru- 
ment of moderate dimensions will show the moon ns she 
would be seen at a distance of five hundred miles, and any 
lunar streak or mark a quarter of a mile long can then be 
easily distinguished, 

During the opposition of Mars in 1^92, the planet pnssed 
the earth at a distance of about thirty-five million miles. If 
it had been possible to use a power magnifying one thousand 
times, when observing our ruddy brother, he would have 
appeared one thousand times nearer to us, that is, at a 
distance of thirty- five thousand miles. Hut it was not possible 
loohlain such a high magnification, for there is a limit beyond 
which magnification cannot he carried with advantage. And 
for this reason: we see things through an atmospheric veil, 

which whirled) about continually.” When objects such as 
the sun, moon, or planets, are magnified telescopically, the 
tremors of our aerial envelope arc magnified in the same 
proportion, lienee a limit is eventually reached, when 
atmospheric imperfections become so troublesome that 
further improvement of seeing is rendered impossible, l'or 
many observations in astronomy, however, a high magnify- 
ing power is undesirable and in some cases useless. This 
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comes as a shock to the ideas of the majority of visitor?) 
to observatories. They expect to see stars at least as big 
as saucers, and can hardly realise that it is impossible 
to magnify these distant orbs. In a good telescope, a star 
appears simply as a point of light more or less brilliant ac- 
cording to the size of the object-glass, but possessing nn 
particular features. Indeed, the existence of n pretty colour 
round the image of a star is an indication that the telescope 
is not so perfect as it ought to be. But though stars cannot 
be magnified, the space between them can, Hence it is 
that many stars which appear single when viewed in a small 
telescope arc found lo be composed of two when scon with 
a high magnifying power on a large telescope. 

At the present time, the largest telescope in which a glass 
lens is used to condense the beams of light is at the Lick 
Observatory, Mount Hamilton, California. The object* 
glass is a yard in diameter, and the length of the telescope 
tube is sixty feet. This instrument will show too million 
stars, that i?, a slar each for every English-speaking 
individual on our globe. The second largest refracting 
telescope lias a lens thirty inches in diameter. It is erected 
at Pulkova in Russia, There are seven other instruments 
more than twenty inches in diameter now in existence, 
England possesses two of these: one is at Greenwich 
Observatory, and the other was presented to the University 
of Cambridge by Mr, Newall in 1891. After considerable 
difficulty a firm of optical glass manufacturers has managed 
to cast a disc of clear glass and work it down Lo a lens forty 
inches in diameter, The instrument for which this massive 
lens is intended will probably be erected near Chicago. 

Besides the familiar kind of telescope, known as “re- 
fractors, there is a class known as “ reflectors/ 1 in which it 
concave mirror, shaped like the mirror sometimes placed 
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behind a gas light, takes the place of the large lens. We 
have seen that a convex lens is able to produce a real 
image of an object. A concave mirror also possesses the 
property of forming an image capable of being caught upon 
a screen, and, therefore, designated “ real.” The difference 
between the two results is that in one case the light passes 
through the lens and forms an image on the opposite side, 
in the other it is reflected to form an image on the same side 
ns the object But in either case, an eye-piece is used to 
magnify the image. There are several ways in which the 
mirror is arranged with respect to the eye-piece. One 
method is to fix a flat disc of silvered glass at the upper end 
of the telescope tube, but inclined at an angle of 45 0 . The 
concave mirror is at the bottom of the tube, Rays of light 
pngs down the tube to the mirror, and are concentrated to 
an image which is reflected to the inclined flat disc, and 
thence to the eye piece at the side of the tube. Hence the 
observer, instead of looking straight at an object, sees it 
sideways. The flat disc stops a few of the rays of light 
from passing down to the concave mirror, What is more, 
light is lost by reflection from the disc as well as from the 
mirror. In order to obviate this double loss in the New- 
tonkin reflector, Sir William Herachel arranged his concave 
mirror slantingly in the bottom of the telescope. The 
image is then directly reflected to a point near the top of 
the tube. In this case, the observer stands with his back 
to the object he is viewing. 

It can readily be understood that it is less difficult to 
make a large mirror than to cast a disc of glass without 
blemish. On this account the largest telescopes in the 
world are reflectors, The renowned instrument erected for 
I^ord Rosse at Parsonstown, Ireland, is of ihe same length 
ns the Lick telescope (sixty feet), and has a diameter of six 
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feetj, so that the tube can be walked through without the 
necessity of stooping. The next in size is a magnificent in- 
strument (five feet in diameter), constructed and possessed by 



Fig, i,— A Newtonian reflecting telescope, cqunlorially mounted. 

Dr, A* A. Common, of Ealing. 'Several four-feet reflectors 
have been made, though only one, at Melbourne, is now 
used* A reflector ten feet in diameter and a hundred and 
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fort/ feet long, is being constructed for the Paris exhibition 
of 1900. With the clearest sky and the highest magnifying 
power on this instrument, it is estimated that the moon will 
be brought within a distance of fifteen miles from ‘ the 
earth. 

A large telescope is of very little use unless it is mounted 
so that it can readily be pointed towards any part of the 
sky, More than this, 
on account of the ap- 
parent motion of the 
celestial sphere, if a 
telescope is sighted at 
a star, a few minutes 
afterwards the star has 
been carried towards 
the west, and the in- 
strument is left point- 
ing to another object, 

If we wish to observe 
the star continuously, 
the telescope must be 
moved at the same 
rate as the apparent 
motion of the sky, 

These desiderata have 
to be realised in all 
telescopes designed 
for the study of the 
aspects of celestial fl* a -A small «|unlorifil telescope, 
objects, An astronomer first points his telescope to he 
object ho wishes to observe, and then .connects it with a 
clock-work arrangement, which will drive it at the same 
rate as the stars. Should the sky afterwards cloud over, 
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the telescope can be left to itself for a time, but when 1 
aky is clear again the astronomer goes back, and is able 
continue his work without any re-adjustments, for the 
strum ent will still point to the object to which it had b( 
directed. But for this ability to follow the stars, celes 
photography would be impossible. When a photogrnp 
is taking a portrait, lie generally prefaces the taking the < 
off the lens with the admonition to 41 Keep still, please.” 
the advice of the photographer is not followed, a blur 
picture is the result, for the features of the silter act 
different parts of the photographic plate. But the heave 
bodies do not obey the will of the astronomer in tl 
movements, and to get over the difficulty the telescope 
to be mounted and driven so that it follows them aci 
the sky. 

In addition to the instruments used for observing 
physical characteristics of celestial bodies, there is a c 
the function of which is to accurately determine politic 
The former is for celestial sight-seeing, the latter furnis 
the facts for mathematical investigations. This kind 
instrument is not mounted so that it can be directed 
any part of the sky. Crossing the middle of the tube is 
axis, which rests on two firm supports, and points exa 
due east and west. The tube itself thus always lies i 
true north and south direction. It can be moved up i 
down, but neither to one side nor the other. Upon ic 
ing through a “ meridian instrument” of this kind, sev 
very fine upright lines will be seen, with one or two otl 
crossing them horizontally. These lines — usually mad 
spider thread — serve a most important purpose. The 
strument is fixed. In stately and grand procession 
stars appear at one side, cross the upright lines one e 
the other, and then disappear on the opposite side. 
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desire to know the precise moment at which -a selected 
object is in the centre of the field of view of the telescope. 
The observer seats himself nt the instrument with his finger 
on a small knob. When the object passes behind each line 
he sharply presses down the knob, and in so doing sends 
an install taneous current of electricity through a wire with 
which it is connected, The current causes a little pricker 
to make a mark on a revolving drum. A dock is con- 
nected electrically with the same pricker, and causes it to 
make a mark on the drum every second. In one second 
the drum turns through two or three inches, so the two 
pricks made by the clock-beats are separated by this 
current. Between these pricks occur the extra marks pro- 
duced by the observer’s signals, and by measuring the 
distances of such marks from them, the exact fraction of a 
second at which the object crossed the line can be esti- 
mated. The “transit,” or passage of the object across 
each upright line is signalled and recorded pn the revolving 
drum, and from the marks the exact time at which the 
object crossed the central line is found. 

If the exact time at which a star crosses the central line 
is noted two nights in succession, the interval will be found 
to be 23 h., 56 m., 4 s. of mean time. Whatever star is 
selected and whenever the observation is made, the interval 
is always the same; it is the time taken by the earth to 
rotate on her axis, and is known as a sidereal or star-day. 
The astronomer deals so much with the stars that he would 
almost be expected to use the star-day instead of the day of 
' civil life. And, for convenience, he does so. The astrono- 
mical clock lias the same, appearance as a well-constructed 
clock keeping ordinary time, indeed, if it were require , U 
could be regulated to keep proper time. Astronomers want 
the clock to keep star-time, so it is regulated until the hour 
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ha,,<1 . K«m through tlm IwoiUy-four hours marked on the 
face in Lin; interval between two successive passages of a star 
across the central line of the meridian instrument. When 
this is the case, the hour hand makes a complete revolution 
in a,! hours, 56 minutes, 4 seconds, of ordinary time. An 
astronomical clock, therefore, gains about four minutes n day 
upon the lime in general use, 

Now, it is so arranged that the clock of the astronomers 
always indicates o hours, o minutes, o second*, when a 
particular point in the sky is due south, that is, on the 
meridian* lhu point selected is that upon which the 
centre ol the sun is projected nt the time of the spring 
equinox, and its position in the sky ig very accurately 
known. Once a day it passes across the field of view, and 
when it does ho, the clock begins its round of .twenly-four 
star-hours. Suppose the star-time to be 3 hours, 6 minutes, 
18 seconds, when a certain star is observed to transit, then 
whenever the sidereal clock indicated that time at the place, 
whether by day or night, the star would be in the same 
position, presuming, of course, that the clock was an ab- 
solutely accurate time-keeper. In other words, the sidereal 
lime indicated when any star transits a particular meridian 
is always the same for the same star. This furnishes a 
means of determining the positions of stars round the sky 
in an cast and west direction. The number of sidereal hours, 
minutes, and seconds which elapses between the passage of 
the starting-point and the passage of a star across the centre 
of a meridian instrument is observed, and termed the star’s 
"Right Ascension.” Evidently, ■ many stars have the same 
right ascension, that is, they are due south at the same 
time, though ' at different heights above the horizon. 
Hence, to exactly locate a star, we must not only know the 
distance in alt east and west direction from a n prime 
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meridian,” but also north and south of a fixed datum 
line. Suppose we could see twenty-four lines, each 
stretching from the north to the south celestial pole, like 
the lines of longitude upon a map or globe of the earth; 
l lie interval between two lines would then represent an 
lioitr of Tight ascension. Now, the celestin! poles are the 
points in the sky around which the stars appear to revolve, 
and the celestial equator is mid-way between them. If the 
two legs of a pair of compasses are opened until they are 
per pendicular to one another, and one of them is pointed 
towards n celestial pole, the other then points to the celes- 
tial equator The smallest angle between the legs when 
one points to the equator and the other to a star, in other 
words, the angular distance of a star from the celestial 
i u ator, goes by the name of “Declination. It corre- 
sponds to terrestrial latitude. Every one knows that the 
position of a place upon the earth is defined when its lati- 
tude and longitude have been obtained. In a similar 
manner every star in the sky has a particular Declinat bn 
and Right Ascension, and when these two co-ordinates are 

known the star can be found. 

j] y mcans 0 f circles attached to the axle supporting a 
meridian instrument the declinations of celestial objects are 
determined with extreme accuracy. These circles are made 
large in order that a very small angle maybe represented 
l>y a comparatively long distance on the circumference. 
iVn instrument of this character approaches perfection. as 
near as it is possible to do. The circles arc divided by 
delicate machinery in so accurate a manner that a nucro- 
Hcope will not reveal any difference of length between the 
lines, and the axle to which the tube is fixed is turned so ns 
to be absolutely the same distance across at every point. 
Indeed, in many respects the instrument is so perfect that 
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the realisation of perfection. But even if the earth could 
be annihilated and the astronomer were left with his instru- 
ment of precision to perform the revolution round the sun, 
he would find that it possessed inherent defects. The tube 
bends very slightly; and varies in length, the circles are not 
graduated with mathematical accuracy, and the axle is not 
perfectly cylindrical in shape. More than this, the astron- 
omer himself is not to be relied upon. When an observer 
sees a star cross a \\i\e in his meridian instrument, a certain 
interval of time elapses before his mind causes his hand to 
press down thty electrically-connected knob. This interval 
is different for different individuals, and diminishes as an 
observer becomes used to his work. In spite of all these 
things, however, the meridian instrument is a mighty power 
ill the hands of astronomers. With it oil delicate celestial 
measurements are made, so that it forms the fundamental 
Instrument of every observatory of any pretensions. 

A large telescope not only needs to be mounted con- 
veniently, but also requires proper housing. The observa- 
tory is usually a round house, surmounted by a cupola or 
dome, resting on rollers or wheels, and therefore capable 
of being revolved, On one side of the dome, extending from 
the top to the bottom, is a slit about a yard wide, which can 
be opened or shut at will. When an astronomer wishes to 
begin work, the* shutters of the dome are opened, and lie 
points his telescope in the proper direction. As the night 
goes on, and the stars shift their apparent positions, the 
dome is moved round to enable the telescope still to point 
* to the object under examination, and the astronomer moves 
his observing chair so as to be able to continue his scrutiny. 
In an observatory designed to minimise inconveniences, the 
observing chair is slung from the dome, and the dome itself 
is driven round by the clock which drives the telescope, so 
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that nil it is necessary to do is to open the shutters, point the 
telescope, take a seat in the observing chair, and observe ns 
long as desirable. For meridian instruments n dome is not 
required. The house can be any shape, provided there is n 
slit open to the sky in front of the telescope. 1 he observer 



Fig. 4.— The Lick Observatory, California, having at present ilw largest 
telescope In the world. 


then seats himself as comfortably as possible at the eye end 
and observes the stars as they pass across the field, His 
mind is strained to the utmost ns he records the transits one 
by one, and a quarter of an hour or so of such work is suffi- 
cient to tire the most enthusiastic observer, 
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The modern nstronomical telescope has a number of ac- 
cessories, but want of space will not permit us to describe 
them here. Our knowledge has been extended in unhoped- 
for directions by means of the photographic camera and the 
spectroscope, and some of the results obtained with these 
potent engines of research will be described in a later 
chnpter. 



CHAPTER II. 


THU UliJJT OK TIIK WORUh 

“0, ’tjs the sun that makclh all tilings shine I ihnt guides 
the planets in their course, that is the giver of nil good, tho 
source of all energy. This orb of heaven is so majestic 
in his motions, so mighty in power, tlmt it seems almost like 
sacrilege to apply to him the yard-stick, to weigh him, l<» 
scan his features through optic-glasses, and overhaul him in 
much the same -way that a criminal is investigated for pur- 
poses of identification. However, these poetical scruple** 
must be pul aside, for astronomers have subjected the god 
of light to a ruthless examination in order to reveal thu 
mystery of his being. 

The distance of the sun from the earth is about 93 million H 
of miles. There is a difficulty in properly grasping the signi- 
ficance of this immense number. Suppose we could stretch 
a row of bodies of the same size as the earth across the 
abyss which separates us from our luminary, the number 
required to complete the line would be 11,600,,. Nowadays, 
people are fond of globe-trotting, of making a journey round 
this world of ours. Roughly speaking, <f the grand lour"' 
Involves a journey of about 24,000 miles, and is done in 
about sixty days, Now, a , traveller fired with the ambition 
of travelling as many miles as separate us from 'the- aim 
would have to make nearly four thousand journeys before he 
had attained his desire, and if he had been started on his 
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Circuits as soon as he was born, he would requite to live 
about six hundred years to finish his task. Let us take 
another illustration. A sensation travels through the nerves at 
the rate of about a hundred feet in a second, Suppose a 
child were born with an arm long enough to reach to the 
sun so as to burn his finger, the sensation would start on its 
journey, but the child would have to live i(5o years before it 
had reached his brain and made him realise the pain, 
Sounds travel through the air at the rate of about i,ioo feet 
per second. If it could be transmitted through space with 
the same velocity, an ex-plosion on the sun would be heard 
on the earth rather more than fourteen years after it had 
occurred, Light is a much swifter messenger. It travels 
at the enormous rate of 186,000 miles in a second, so that 
the light we receive from the sun at any instant left him 
eight minutes previously. 

The sun is three million miles nearer the earth in winter 
than in summer. The difference between the greatest and 
least distances is found by measuring the change in the 
sun's apparent size. The annual variation amounts to 
cme-thirticih of the whole solar diameter. Now, there 
is a very definite relation between apparent size and dis- 
tance, A stick a yard long seen at a distance of fifty 
yards appears of the same, size as one two yards in length at 
twice the distance, or three times the length at three times 
the distance. In fact, if two objects at different distances 
appear of the same size, the real sizes are exactly in propop 
lion to the distances. Let us apply this principle to find 
the size of the sun. A halfpenny placed at a distance of 
nine feet from the eye just covers up the sun's disc. The 
diameter of the coin is an inch. I-Ience an inch at nine feet 
appears of the same size as the sun, which is 93 million 
miles away* The sun has therefore a diameter as much 
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longer than that of the halfpenny ns 93 million miles exceeds 
nine feet. By working out this proportion the diameter is 
found to he about 860,000 miles, Accurate measurements 
show that the value is 866,000 miles. Comparing this with 
our little world, we find that it would lake ioy earths m a 
row to stretch from one side of the sun to the other, and 
342 would be required to make him a girdle. His volume 
is move than one and a quarter millions greater than that o 
the earth. If we had a contract to build up this stupendous 
bulk, and were to deliver a load of the same size ns the 
earth every hour, the order could be completed by working 
day and night for ],!go years. 

Though the sun is one million three hundred thousand 
times bigger in bulk than the earth, he is only 33 °>° 00 timca 
heavier. This shows that the density of the sun is about 
one quarter that of the earth. The earth, ns a whole, is 
rather more than five and a half times heavier than a globe of 
water of the same size 1 the sun, ns a whole, is lesB than one 
and a half times heavier than it would he if composed of 
water. But we hasten to remark that, both in the case of 
the sun and the earth, the density increases from the surface 
down to the centre. The upper parts are lighter, bulk for 
bulk, than the lower, and the numbers given represent the 
average density. 

The weight of a body on the eiirtb is simply the pull of the 
earth upon it. At the sun’s surface the pull is nearly twenty- 
eight times greater than at the surface of our globe. It 
results from this, that anything transported to the sun would 
appear to have its weight increased nearly twenty-eight 

times, _ , 

To the naked eye the sun appears like a flat disc, bill 
when observed with even a small telescope many interest- 
ing objects can be seen. In making such observations, 
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however, some method of screening the eye from the fierce 
beams of the sun must be used, A tinted glass is usually 
put over the eye end of the telescope, and in a small instru- 
ment this tones down the light and heat sufficiently to 
permit the solar surface to be observed. For large instru- 
ments, special devices arc employed to diminish the power 
of the rays before they roach the eye-piece and dark glass ; 
if this is not done, the great heat may melt the tinted 
glass, besides injuring the eye of the observer. Another 
method of viewing the sun's surface is to fix or hold a sheet 
of white cardboard at n short distance from the eye-piece. 
The sun’s image will then be projected upon the card, and 
any spots or markings upon the surface are conveniently 
seen. 

One of the fust things that strikes a solar observer is that 
iLie visible surface of the sun — the “photosphere/’ to give it 
a name — is darker near the edges than at the centre. A 
close investigation of the photosphere shows that it has a 
texture, a mottled appearance, very similar to that of mottled 
cardboard. The marks, go by the name of “nodules” or 
“ricc-gmins,” and though they arc “minute” objects on the 
sun, the smallest are as large as Great Uritnin. In places, 
the rice-grains are seen to be lengthened so ns to have the 
form of " willow leaves." When the rice-grains are observed 
under perfect conditions, with a good instrument, and by nn 
ncute observer, they are seen to he themselves made up of 
smaller luminous points known as "granules.” Prof. S. P, 
Langley has examined the minute structure of the solar 
photosphere and depicted it with marvellous accuracy. The 
following remarks of his are therefore of great interest. 
Describing the appearance presented by the solar surface in 
telescopes of moderate size, he says: “We see a disc of 
nearly uniform brightness, which is yet sensibly darker near 
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the circumference than at the centre. Usually seen relieved 
against this grey and near the edges, arc elongated and 
irregular white patches,^//*;, and nt certain epochs trains 
of spots are scattered across the disc in two principal /ones 
equidistant from the solar equator. On attentive examina- 
tion it is further seen Hint the surface of the sun everywhere 
^-even near the centre and where commonly neither faculw 
nor spots are visible— is not absolutely uniform, but is made 
up of fleecy clouds, whose outlines are all but indistinguish- 
able.; The appearance of snow-flakes which have fallen 
sparsely upon a white cloth partly renders the impression, 
but no strictly adequate comparison can perhaps he found, 
ns under most painstaking scrutiny we discern numerous 
faint dots on the white ground, which seem to aid in pro- 
ducing the impression of a inoss-like structure in the clouds 
still more delicate, and whose faint intricate outlines tease 
the eye, which can neither definitely follow them nor analyse 
the source of its impression of their existence. 

u Under high powers used in favourable moments, the 
surface of any one of the fleecy patches is resolved into a 
congeries of small, intensely bright bodies, irregularly dis- 
tributed, which seem to bo suspended in a comparatively 
dark medium, and whose definiteness of size and outline, 
although not absolute, is yet striking by contrast with the 
vagueness of the cloud-forms seen before, and which we 
now perceive to be due to their aggregation, The ‘dots' 
seen before are considerable openings caused by the ab- 
sence of the white nodules at certain points, and the con- 
sequent exposure of the grey medium which forms the 
general background. These openings have been called 
fores Prof Langley then goes on to say that, in 
moments of good vision, the nodules or rice-grains were 
seen to be formed by aggregations of minute points of light, 
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to which he gave the name of 11 granules/ 1 and after a care- 
ful study, it was concluded that “The ultimate visible 
constituents of the solar photosphere being not the rice- 
grains, but smaller bodies which compose them, and the 
size of these latter being valuable at not over 0*3 [133 
miles], from a comparison of the total area covered by 
them with that of the whole sun; we are entitled 'to say 
that the greater part of the solar light comes from an area 
of not over one-fifth of its visible surface." 

To the untrained observer a small sun-spot looks lijce an 


accidental speck of 
dust upon the eye- 
piece of the tele- 
scope. An exam- 
ination, however, 
soon allows that a 
sun spot has an np* 
pcnrnnceof its own. 
It is not uniformly 
dark, but is made 
up of two shades, 
known as n umbra" 
and “ penumbra." 
The umbra isadnrk 



portion, more or less 

; , . Firr. 5,— A sun-spot to not uniformly dark, nut to 

in tnc centre, nnu " ma(ln up 0 f lwo shades, known us umbra and 

the penumbra is a pomimbm, 

lighter part surrounding it like a fringe. 

In tho majority of cases, sun-spots arc very irregular in 

form. Groups of spots are frequently seen ; they sometimes 

present on appearance such ns that produced when a boy 

throws a handful of mud upon a whitewashed walk As a 


rule, one of the spots of a group becomes larger and more 
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circular in shape us the yroup grows old, while the smaller 
ones disappear. 

Sun-spots arc not only interesting objects to observe, they 
furnish astronomers with a very important fact concerning 
the sun. If the positions of spots on the sun’s face arc 
noted day after day, they will be found to vary. A spot 
just on the eastern edge of the sun yesterday, appears more 
on the face to-day, and to-morrow it will he seen to have 
moved still farther towards the centre of the disc. In about 
a fortnight after the first observation, the spot disappears 
round the sun’s western edge. The explanation of this 
motion of spots from cast to west is that the nun is in rota- 
tion. The spots arc on tho sun’s surface, and are carried 
round on account of lus spinning motion. Since this is the 
case, it is evident that the lime taken by the sun to make a 
complete rotation can be found by determining the time 
occupied by a spot in moving once round. The average 
lime is 27^ days, 1 Owing to the fact that the earth is a 
moving observatory, this is not the true length of the sun’s 
period of rotation. We see a spot half-way across tho sun’s 
disc, and if we were fixed in spnee, the spot would regain 
its position after 25 /,• days, l)ut our “mother earth” can- 
not waste her time to let us study sun-spots under tho 
simplest conditions. She bears us away, while continuing 
her monotonous journey, and in 25J days has travelled 
through one-fourteenth of her yearly track. The result is 
that after this interval, the spot is seen to the east of the 
sun's centre. It has to catch up to the earth, and takes 
nearly two days to do so and to appear once more half-way 
across the visible disc. 

A peculiar fact with regard to the rotation of the euu is 
that spots near the solar equator show a quicker rate than 
spots observed in higher latitudes, quicker, indeed, by ns 
much as two days. 
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The rate of rotation, as deduced from observations of 
spots, decreases from the solar equator. This fact has a 
very important consequence. It shows that the sun cannot 
be a solid globe, for then the rotation period would be the 
same in all parts* Unfortunately, there is no opportunity 
of-studying the rate of spot movement near the poles. On 
very rare occasions, small spots are seen midway between 
the equator and poles, but none appear in higher latitudes 
than this, In the vast majority of cases, spots are only 
seen between the limits of two bands or “zones,” extending 
from five degrees to forty degrees in the north and south 
solar hemispheres. Spots seen beyond these limits are re- 
garded as out of bounds. The parts of the sun's surface 
thus favoured by spots are known ns the f ‘ sun-spot zones.” 

The sun, then, is in rotation. If he rotated with his 
equator lying in the plane of the ecliptic, the spots would be 
seen to move straight across from east to west at all times 
of the year. But they do not. In March the paths are 
curved, and spots reach their highest point when half-way 
between the east and west edges. Six months later, spots 
curve down from the cast edge and then climb up to the 



Itocmlttr. March. June. yeptcniLer, 


I'ig, 6 , — V In consequence of ilic Inclination of die sun's equator lo the 
ecliptic plane, Iho spots appear lo traverse different paths during 
different times of the year,” 

west, reaching their Itnvest point when half-way between the 
two edges. From ibis It is inferred that the sun does not 
rotate with his equator in the plane of the ecliptic, and its 
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axis perpendicular to it. The axis of rotation has a fixed direc- 
tion, but it crosses the ecliptic plane slantingly* In March, 
the earth is on the side of the sun towards which his south 
pole is leaning; in September we are on the opposite side of 
our orbit, and the north pole of the sun looks towards us, 
For these reasons we get up-curves in March and down- 
curves in September. In June and December, we see the 
;• sun, as it were, sideways, Both the north and the south 
pole are then at the same distance from us, and the spots 
are therefore seen to travel straight across the disc. 

Sun-spots appear dark on account of the dazzling bright- 
ness of the background upon which they exist. As ‘a 
matter of fact, if a spot could be isolated from the sun, the 
darkest part would be found to have a brilliancy greater 
than that of the lime-light used in lantern illustrations. 
Not only are sun-spots darker than the surrounding surface, 


: they are certainly cooler. What is more, they are hollows 
p! 1 !'; or. cavities. This is proved beyond doubt by watching the 
lll^ppArances of spots differently situated on the Bun’s disc. 
fp|Tt : te;ea$y tp understand that a depression on the surface of 
$|f| the sun must bp seen under different aspects a9 it is carried 
from the eastern to the western edge. And observations 
•••;, show that when a spot is seen centrally, when we peer 
1 straight down the cavity, the penumbra usually surrounds 


§R' : : the umbra in a fringe of more or less regular width. As, a 


'spot moves towards the western edge, it becomes more : 
| ' and more foreshortened in appearance, At the same time, 

■ thejfringeof penumbra is widened on the outpr side, and 
g ..' diminished in width on the inner side. In a few cases spots ' ;jij 
e ‘ hayVbeen seen as very slight!' notches on the edge: of; thp 'jjfi 
’.-'•'.sun, and have "even been photographed in this position, ■ 
gqocj invitation ; of, 6- normal sun-spot .and* Yaryiht'fe; 
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black and the romnindor grey, art cl then viewing it under 
different aspects, When we look straight at th saucer, the 
grey part is seen lo surround the black part uniformly, and 
as we view it, more and more askew, a foreshortening pre* 
cisely similar to that observed in the case of sun-spots is 
seen. 

As to the siae of spots. The greatest length of the 
generality is something between 500 and 40,000 miles, 
Occasionally giant 


spots are on view, 
One of the largest 
was visible on the 
sun in February, 
1892. Its length 
at one time was 
92,000 miles, and 
breadth 62,000 
miles. A number 
of small spots hung 
round the large 
one, and the em 
tire group had n 
length and breadth 
of 162,000 
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FARTH 


i'iff. 7.— Spots aeon upon tlio aim In I'obnuuy, 
and 189a. ^rito small dot outside llm circle repre- 
75,000 mileB re- ncnls lha proportional sire of Iho onrth. 


Bpeclively, The area of the large spot was 2,900 milllonB of 
Bqunre miles, and when all the group was measured, they 
wero found to have a surface of 3>5 00 million square miles,, 
S , that is to sny, seventy bodies of the same size as the earth 
i^ii'i^puld bc required to cover up the immense gap, 

]l have been concluded from what has been already 
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II^Kftjtisun-spots are not permanent blotches on the sun. 


born, live a life of usefulness to astronomers, and 
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die. The average life is a month or so. Some die when a 
few days old ; others go off suddenly in their prime, but the 
majority grow to maturity, and then decay, like ordinary 
mortals. In one or two eases, spots have lived more than 
twelve months, but it is rarely that such a green old age is 
reached. 

A number of bright fragments or shreds known ns 
“fnculm” can usually be seen near sun-spots, and become 
conspicuous in the neighbourhood of spots not far from the 
sun's edge. Euculte are elevated portions of the sun's visible 
surface. A direct proof of this lies in the fact that they 
have been seen ns slight projections on the edge of the sun. 
But it must not be supposed for a moment that facuku are 
permanent mountains on the sun. 41 They flow from form 
to form ” in a few hours or days, and are frequently so 
evanescent tlmt it is almost impossible to sketch them. 
Faculrc have not an established promenade across the sun 
like spots, Excepting the polar regions, they are distributed 
pretty uniformly all over the surface. This is considered a 
fortunate circumstance, for by observations of facnlm it be- 
comes possible to find the rate of the sun's rotation in 
regions beyond the spot zones. 

Schwabe, a native of Dessau, commenced his observa- 
tions of the Bun in 1826, with the idea that the labour 
u might be rewarded by the discovery of a planet interior to 
Mercury." Pie was then led to inquire into the rotation of 
the sun as indicated by the spots. Each spot was noted 
and numbered in the order of its appearance, and when this 
system of registration had been carried on to the end of 
1843, Schwabe modestly remarked that the number of spots 
visible upon the sun varied periodically, waxing and waning 
in what seemed to him to be a period of about ten years. 
But the subject attracted little attention, and it was not 
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Until 1 85 t that astronomers began to wake up to its im- 
portance, In 1857 the gold medal of the Royal Astron- 
omical Society was presented to the indefatigable observer 
of Dessau. “ Twelve years,” remarked the President of the 
Society in his address, “ he spent to satisfy himself, six 
more years to satisfy, and still thirteen more to convince 
mankind. l ? or thirty years never 1ms the sun exhibited his 
disc above the horizon of Dessau without being confronted 
by Schwabc’s imperturbable telescope, and that appears 
to have happened on an average about 300 days a year, 
vSo, supposing that he observed but once a day, helms made 
9,000 observations, in the course of which he discovered 
about *1,700 groups. This is, I believe, an instance of de- 
voted persistence (if the word were not equivocal, I should 
say pertinacity) unsurpassed in the annals of astronomy. 
The energy of one man has revealed a phenomenon that 
has eluded even the suspicion of astronomers for 200 years l 
Let us hope that the example will not be lost. Men are 
apt to speak of astronomy as an exhausted science, meaning 
that nil that can be known is known. No doubt being the 
most perfect, it is in one sense the most exhausted science. 

I Jut the astronomer of Dessau has taught us that there are 
still mines rich in ore, ihough they lie deep buried, and 
must be worked with more assiduity and with more care. I 
can conceive few more unpromising subjects from which to 
extract a definite result than were the solar spots when 
Schwabc first attacked them,” 

Since the delivery of this address thirty-six years have 
passed, and the evidence obtained during this period has 
been used to elaborate Schwabe's discovery. The average 
period or interval in which spots ebb and flow, so to speak, 
is found to be rather more than eleven years and a month. 
An important fact is that the decrease always takes longer 
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than the increase of spottedness. In the middle of 1889) 
six weeks passed without a single spot being seen upon the 
sun. This represents n 11 minimum” of solar activity, for 
the spots afterwards began to appear. 'I he numbers have 
since been increasing, and about the end of this year (1893)) 
that is four and a half years after the minimum, the activity 
of the sun, as evidenced by the spots, will be at a maximum. 
Instead of increasing in numbers, a decrease will then 
occur, and in 1900 the state of the sun in 1889 will be 
again reached. 'Flic rise to maximum takes about four and 
a half years, and the fall to minimum a little more than six 
and a half years. 

Numerous move or less successful attempts have been 
made to establish n relation between terrestrial phenomena 
and solar spoltedness. On the face of it, it would appear 
that the temperature of the earth must vary according to the 
number of spots on the sun, for it has been proved directly 
that spots arc cooler Ilian the surrounding photosphere. 
This being so, when a large spot is on the sun, the total 
amount of light and heat received must be different. It has 
been estimated that when the spot of February, 1892, was 
largest, the sun was experiencing a loss of light equivalent to 
lliat giv 6 n by 2,300 full moons. In spite of this, terrcstrin 
weather did not appear to be influenced. Indeed, when the 
matter is well examined, no direct effect would be expected. 
The loss of light due to the presence of the spot was less 
than one-twentieth of the variation due to the fact that the 
earth is three million miles hearer the sun in winter than m 
summer, and even this change is too small to be noticeable. 
Logically, of course, some difference must he produced by 
snots, though the effect may he, and is generally, obscured 
by vicissitudes of the weather due to local circumstances. 
Leaving individual spots out of the question* several liivcsh- 
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gators have shown that the meteorology of our planet fluctu- 
ates with the periodic variation of solar activity. The tem- 
peratures of a few regions not subject to irregular variations 
have been proved to be slightly below the average when the 
sun is most spotted, and above the average when he is least 
spotted. Upon first considerations, this is the kind of re- 
sult one would expect, the argument being that the greater 
the number of spots, the less must be the amount of light 
mul heat emitted by tile sun. Hut it must be remembered 
that an increase in tile frequency and extent of spots means 
an increase of solar activity. Indeed, there is little doubt 
that the sun is hotter, as a whole, during a maximum than 
during a minimum period of the solar cycle of changes, and 
the reverse indication obtained from a discussion of the 
hent received by the earth must therefore be added to the 
long category of unexplained facts. 

Cyclones in the Indian Ocean seem to be most frequent 
when sun-spots are most frequent. The rainfall of Ceylon, 
Southern Indin, and Australia, has also been shown to be 
most abundant about the time of maximum, and least near 
minimum epochs, both these phenomena indicate that 
the Him is hottest when most spotted, No sufficient cause 
has been found to reconcile the temperature observations 
with those of cyclones and rainfall. The discrepancy will 
probably be accounted for when there are more facts to 
work upon. 

The connection between solar activity and terrestrial 
magnetism is much more definite than between it and 
meteorological phenomena. At Greenwich and elsewhere, 
delicately suspended magnets have their positions automa- 
tically recorded throughout the day and year. An examina- 
tion of these records shows that the mngnets are continually 
wobbling from side to side, and when successive years are 
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taken, the variation from the true or average direction is 
found to become greater as sun-spots become more frequent, 
to reach a maximum size after a maximum of solar activity 
and then to diminish as the spot-cycle dies out. The two 
cycles run together so intimately that the connection be- 
tween magnetic variation and sun-spot frequency can hardly 
be denied. This being so, a necessary consequence would 
seem to be that violent solar disturbances, which give rise 
to large sun-spots, should be followed by irregular variations 
of the earth’s magnetism, and should give rise to “ magnetic 
storms . * And in a few cases the expectation has been real- 
ised. The large spot of February 1892 caused a great com- 
motion among the delicate instruments of magnetic observa- 
tories, and a few other large spots have provoked similar dis- 
turbances. The sun has thus been “caught in the act '* of 
stirring up terrestrial magnetism. But many large spots 
have appeared without causing the magnets to flutter, while, 
on the other hand, violent oscillations have frequently been 
recorded when only a few small spots were visible on the 
side of the sun turned towards the earth. It seems, there- 
fore, that the connection between individual spot^ and 
magnetic storms may be mere coincidences. Certain it is 
that the sun exerts an influence of some kind upon the 
earth, but the influence is not in strict proportion to the 
number or size of the spots visible at a particular time. 

The aurora borealis is caused by electrical discharges in 
the upper regions of the earth's atmosphere. Magnetic 
storm9 are generally accompanied by auroral displays, and 
pice versa. What is more, the frequency of aurorae keeps 
lime with the frequency of sun-spots, and therefore with the 
intensity and magnitude of magnetic variations, The facts 
show indubitably that there is a general relation between 
3un-spot9, terrestrial magnetism, and terrestrial electricity. 



TIIE LIGHT OE THE WORLD. ‘33 

.a exhibited by observations of aurora;, but the nature of 
he connection has not yet been satisfactorily worked out, 
Vncl here, tiie opportunity is taken to correct an error 
vhich occurs in almost every book on astronomy. In 1859 
wo well-known observers, working many miles apart, 
simultaneously saw two brilliant objects appear upon the 
sun, near the edge of a sun-spot. The luminous balls 
travelled through a distance of about thirty-six thousand 
niles across the sun in five minutes and then disappeared, 
[n all probability, the phenomenon was caused by the fall 
of two large masses into the sun. Now, there is no doubt 
as to the accuracy of the observation, but the statement that 
the outburst was immediately followed by a magnetic storm 
does not appear to be founded upon fact. Nevertheless, 
this is the assertion usually hiadc, one writer probably 
following another, and none looking up the authority. TTom 
an examination of die magnetic records kept at Kxw, il 
appears that at the time of the observation the needles were 
unaffected, and it was not until fifteen hours after that a 
magnetic storm occurred. Brilliant auroral displays accom- 
panied this storm and were doubtless connected with it, 
but the connection with the solar phenomena of nearly a day 
before can hardly be said to be established. 

At certain intervals of time the moon comes between us 
and the sun and u eclipses " him. When this is the case, 
we are able to observe solar phenomena invisible to tho 
unaided eye under ordinary circumstances owing to the glare 
of our atmosphere. Round the dark edge of the moon, 
scarlet coloured flames known ns “ prominences " or “ pro- 
tuberances " arc seen to project, It was doubtful for a long 
time whether these prominences belonged to the sun or the 
moon, and the former body was proved to be the owner by 

the observation that they were slowly covered on one edge 

0 
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Of the sun and uncovered at the opposite edge, fts ollf 
satellite changed its position. Solar prominences are par s 

of a sTralumf to .1* "'i'™"” 1 "' 

applied, consisting chiefly of hydrogen gas, which .unround# 
the photosphere. In the next chapter, description is given of 
on ingenious method discovered independently by • lit. 
Janssen and Prof. Lockyer in 1868, by means of which the 
chromosphere, and the prominences in it, can be studied nt 

any lime. , „ , . 

In addition to the prominences, a “glory of pearly 
Bheen is seen to surround the sun like a halo when the 
light of the photosphere is eclipsed. do this the name of 
“coi-ona” is given. For a distance of about ninety thousand 
miles from the moon’s edge the ring is extremely bright, 
Beyond this “inner corona” the “outer corona” extends 
in luminous streamers and sheets for distances reckoned ill 
millions of miles, fading slowly and beautifully into invisi- 
bility. At one time astronomers inclined to the idea that 
the corona was not an actual solar atmosphere, but an optical 
effect produced by the earth’s aerial envelope, That this is 
not the case is definitely established by two facts* In the 
first place, the corona has been analysed and found to 
consist partially of luminous gas ; and secondly, photographs 
of the corona taken at different plates during a solar eclipse 
have practically the same appearance. 

Drawings of the same corona can hardly be regarded us 
furnishing any very definite information ns to the form 
assumed at the time of observation. The discrepancy be- 
tween the pictures drawn by two observers is frequently so 
great that it is difficult to believe the same phenomenon 
inten\ has been delineated. Photography lias now almost entirely 
show iritn^cn the place of visual observations of coronal forms, and 
“""spots, results can be relied upon to a greater extent, An in- 


ntenfe* 


sun 


THE LIGHT OF T11E WORLD. 


35 


teresting fact, which comes out from an examination of the 
photographs which have been taken from time to time, is 
that the form of the corona is connected with the eleven- 
year sun-spot cycle. Thus, the photographs taken during 
the .eclipses of 1871 
and 1882, that is, at 
the times of sun-spot 
maxima, are very 
similar in character. 

The corona in each 
case had a very irre- 
gular appearance, and 
extended round the 
sun in luminous 
beams- The coronre 
of 1878 and 1889— 
both years of mini- 
mum sun-spot fre- 
quency — are very 
similar to each other, 
but differ consider, 
ably from the form 
assumed during the 
max lmuni epochs. 

Extensions of the 

nn/|M Fig. 8.— Variations In ihcnppftrenl slmclure of 

corona are seen over h l1lA 0 „w r,,™™ 



die solar corona, Tlic upper figure repre- 
the Slin-spot zones, stalls the corona of 1883; Lhc tower (from a 
, r , . . , r photograph by Professors Ihirnord and 

find Ii’Om the poles of Pickering) shows llio corona of 1889, 

the sun curved streamers project in very definite outlines. 

The sun dissipates its light and heat with a prodigality 
which characterises all nature. About 2,200 million times 
more heat and light is given out by the sun than is received 
by the earth, notwithstanding which alt known subslancea 
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can be driven into vapour, in the focus of a powerful burn- 
ing glass. And since it is impossible for the temperature 
at a focus to approach that of the source of heat, it must be 
concluded that the sun is very hot indeed, hotter than any 
furnace, hotter even than the clectrie-arc light, Our 
atmospheric envelope robs the sun’s rays of much of their 
fierceness; nevertheless, the amount of heat received would 
melt every year a layer of ice surrounding the earth to a 
depth of forty yards. An impressive illustration of the in- 
tensity of radiation at the sun’s surface is given by Professor 
Young. He says, u If we could build up a solid column of 
ice from the earth to the sun, two miles and a quarter in 
diameter, spanning the inconceivable abyss of ninety- three 
million miles, and if then the sun should concentrate his 
power upon it, it would dissolve and melt, not in an hour, 
not in a minute, but in a single second ; one swing of the 
pendulum and it would be water, seven more and it would 
be dissipated in vapour to produce this amount 
of heat by combustion would require the hourly burning of 
a layer of anthracite coal, more than sixteen feet thick, over 
the entire surface of the sun— nine-tenths of a ton per hour on 
each square foot of surface — at least nine times as much as 
the consumption of the most powerful blast furnaces known 
to art/’ It has been calculated that, at this rate, the sun 
would bum out in less than six thousand years if composed 
of solid coal, But the sun’s heat is not kept up by combus- 
tion — no burning M goes on in the sense that we use the 
word. Two theories as to the manner In which the heat of 
our luminary is maintained are generally accepted by astron- 
omers, One is that the sun is constantly being bom- 
barded by meteorites, the result of the imparts being the 
development of heat and light. This doubtless is the case 
to some extent, but if meteorites fell into the sun in sufir 
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clent quantity to keep up tlie present rate of solar radiation, 
they ought to make their presence clearly felt upoii the' 
members of our system. Another theory of solar conserva- 
tion is that the sun is slowly shrinking in size. Such a 
contraction necessarily involves the development of heat 
and it has been shown that the supply could be kept up by 
a yearly decrease of three hundred feet in the sun’s 
diameter. A test of this theory would seem to be obtained 
by measuring the diameter of the sun year by year. But 
though astronomers are used to measuring very minute 
amounts, and optical instruments have almost reached per- 
fection, it must be confessed that the sun would have to go 
on shrinking for nearly ten thousand years before his 
change of size would come within the bounds of detection. 
It seems very probable, however, that the shrinkage theory 
and the meteorite theory help one another in keeping up 
the supply. 

The probable age of the sun is estimated by assuming 
that the shrinkage theory is correct. Granting this, it 
appears that he is about eighteen million years old, that he 
has passed the prime of life, and for about ten million years 
more will continue to radiate sufficient light nnd heat to 
support life as we now know it. Long before this time the 
human race will have disappeared, so no man will look 
upon the sun at “ the last day.” 

Solar Statistics. 

The following useful tabic of solar statistics is taken from 
Professor Young’s standard work on “ The Sun ” : — 

Mean distance of the sun from the earth, 92,885,000 miles. 
Variation of the distance of the sun from the earth between 
January nnd July, 3,100,000 miles. 

Linear value of 1" on the sun’s surface, 450’3 miles. 
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Mean angular seinidiiunulcr nf « In; nun, in a '<>• 

Sim's linear dianmlcr, K(i(i,,loo miles, 

Ralio of the Kim’s dimnuicr lu dm iMVtli'n, ' 

Surface of llie sun compared with llm csrlli, i i,i|.|n. 

Volume, ur cubic cmiieiils, of llm sun eninpared with Urn 
ear III, 1^05,000. 

Mass, or (jiumlily of mailer, of llm sun compared wiili (In: 
earth, 3,50,000. 

Mean density of the sun compared with llm caiili, cr.153, 
Mean density of llm sun compared with water, 1 
Koree of gravity on llm lam's surface compared with licit on 
llie earlh, ayfi. 

Distnnco a body would fall in one second, .j.j fed. 
Inclination of llm sun’s eipiator In llm ecliptic, 7 ' ' 

Mean time of llm sun’s rotation, iiip.p'l days. 

Time of rolation al llie ram’s cipinlor, afi days. 

„ „ laiilude 20”, asi| 

„ „ .. .V". a fi 4 - 

„ „ •. • 13 ". 2 V!: .. 

Linear velocity of the sun's mlalion al his equaior, r : 61 

miles per second. 

Intensity of sunlight al llm surface of llu* Mm, iqo,noo times 
that of a candle llame, 5, goo limes llial of mi till in a 
liessomer converter, i.|6 limes llial of a calcium light, 
3*4 limes llial- of an electric arc. 
brightness of a point on the edge of llie nun compan d vvilh 
that of a point near llie centre of ihe disc, 3$ per mil. 
Tl lick ness of a shell of ice which would lit! inched fioin the 
surface of the sun pur minute, gHJ feel. 

Mechanical equivalent of the solar radiation al tin: sun’s 
surface, continuously noting, nearly 10,000 horse power 
per square foot. 

WITecUve temperature of the solar surface, ulioni 1 h,ouo 1 1 * abi*. 



CHAPTER III, 


THE ANALYSIS OP SUNLIGHT. 

In the whole domain of science there is no more wonderful 
achievement limn that of determining the nature of the sul> 
stances in the sun and stars. Fifty years ago, astronomers 
deemed the feat beyond the reach of human possibility. 
Since then, the science of celestial chemistry has been 
founded, with the “ spectroscope ” as its weapon of re- 
search, and the performances of the instrument have been 
so numerous up to the present that the whole of the pre- 
vious astronomical knowledge becomes small in comparison. 
Especially is this the case with the sun, We see a luminous 
globe. Is it a white-hot ball of iron, or is its light similar 
to that of a glow-worm? What are the prominences which 
arc seen to stud the corona during a solar eclipse ? and the 
corona itself, of what is it composed ? These are the kind 
of solar problems upon which the spectroscope has thrown 
light; and in this chapter wo purpose describing the instru- 
ment which has opened up the new fields of inquiry, ancl 
some of tho surprising results that have been attained. 

II ut before going further, let us clearly understand tho 
meaning of chemical analysis. The term signifies tho 
breaking up of substances into their component parts, If 
a current of electricity is passed through water, the liquid 
is decomposed or broken up into two gases known as 
oxygen and hydrogen, fiy proper means, the two gases can 
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be caused to combine and again become water. Evidently, 
then, water is a compound substance formed by the union 
of oxygen and hydrogen, Now, whatever we do to each of 
these gases, whether we heat it, or pass electricity through it, 
or subject it to any force whatsoever, nothing but oxygen 
or hydrogen can be obtained. We have reached the parts 
of the liquid which cannot be decomposed, and such parts 
are known as " elements," Gold is an element, for nothing 
but gold can be obtained from it ; so is iron, nnd lend, and 
sulphur; but salt is a compound, for it can be broken up- 
into two elements known respectively ns sodium and 
chlorine. 

There are thousands of different kinds of substances upon 
the earth, but chemists find that they are nil combinations 
of seventy -five elements, many of which are extremely rare. 
This is not very strange after all. The thousands of words 
in our language are all compounds or combinations of the 
twenty-six letters of our alphabet. Chemical compounds 
are therefore analogous to words, and the elements that 
form them are analagous to the alphabet. A compound 
containing two elements is similar to a word of two letters, 
one into the composition of which three elements enter is 
like a word of three letters, and so on. Now, the chemical 
analysis of a substance means the determination of the 
elements which exist in it, How this end is attained by 
the chemist does not concern us here. The point to he 
brought out is that a portion of the substance has to be 
taken into the laboratory and subjected to all kinds of pro- 
cesses before a chemist is able to give an opinion upon it. 
Bui we cannot obtain a sample of the sun or a star to work 
upon, hence it would appear that no amount of searching 
could enable us to find the elements existing in these bodies. 
Incredible as it may seem, celestial chemistry is an ciccom- 
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plished fact. . It is not at all necessary to send chemists 
prospecting into space, and to bring back portions of the 
worlds they visit, The spectroscope furnishes a means of 
analysing bodies by the light they emit ; it enables astron- 
orners to analyse the beams of light continually sent to ns bv 

the sun and stars, and to say to what elements each ray be- 
longs. 7 & 


Lyeryone has seen the pretty colours produced when 
sunlight m shining upon the lustres of a chandelier. Each 
pendant piece of cut glass forms a band coloured like the 
rainbow. Sunlight, then, is not an elementary colour, but 
can be broken up into a number of different colours Let 
us investigate this more closely, using a large lustre, or a 
wedgc-slmped piece of glass known as a “prism,” for the 
purpose. The prism is placed in the path of a beam of 
sunlight entering a dark room through a round hole so that 
the rays full upon one of its races. Two facts will be 
noticed with regard to the beam when it lias passed through 
the prism, In the first place, instead of keeping in its 
original direction, the beam is bent or refracted towards the 
base of the prism, and next, difTere.it colours are bent by 
diflcrcnt amounts, the result being that a coloured ribbon 
known ns a “spectrum,” is produced. The colour least 
bent is red, then follows orange, then yellow ; the next is 
green, the next blue, the next indigo, and the most bent 
colour of all is violet. These tints always preserve the same 
relative positions, that is, they always follow each other in. 
the same order. If (he red colour is subtracted from the 
beam before it falls upon the prism, no red appears in the 
spectrum, and the same applies to any other colour. In 
fact, the coloured band is produced by the overlapping of a 
Inrgc number of different coloured images of the hole 
through which the beam enters, Now, if you place seven 
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pieces of glass, coloured respectively red, orange, yellow, 
green, blue, indigo, and violet, in a lino, so that one over- 
laps the next, each of the colours produced by the overlap- 
ping will be a mixturo of two. If, however, the glasses nro 
placed side by side in a row, no such impurity of tint is 
caused. In a similar manner, the overlapping of the images 
of the hole, which admits sunlight to the prism, causes tho 
spectrum to be " impure," Each elementary tint should lie 
ranged by the side of the next, passing by insensible grada- 
tions from the deepest red to the darkest violet,. I o obtain 
this result, a fine crevice or slit is employed instead of a 
hole. A slab, instead of a rod of light, falls upon the prism, 
and a spectrum, in which an infinite number of shades are 
ranged side by side, is produced. We are thus, furnished 
with an accurate scale of colour, which can be viewed with 
the naked eye or through a small telescope, In a spectro- 
scope, the slit for admitting a beam of Ugh* 1 , the .prism for 
decomposing the light, and the telescope for viewing it, are 
arranged in a compact form. The accompanying illustration 
shows such an instrument in its simplest form, 'l hc tube 
upon which the maker’s name is marked has a slit at the 
end away from the prism, and the other tube is the view- 
lelescope. We have said that the instrument is used to 
analyse light. Many substances, when burnt, have such 
distinctive colours that no instrument is needed to dis- 
criminate them. Thus, common salt or soda tinges tho 
flame of a spirit-lamp yellow. Red fire, or a red (my 
Fawkes’ match, owes its colour to the presence of a chemical 
containing the element strontium; green fire, or a green 
match, contains the element barium, tience, when wc see 
a red firework or a green-coloured one, we are able to 
state, with more or less certainty, that strontium or barium 
is being burnt, But this can by no means be applied 
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lo celestial bodies. The sun is a glowing mass, and, 
as far as observations with the unaided eye are con- 
cerned, it could be a ball of iron, or of gold, or of silver, 
or anything else. We cannot determine the quality of his 
light in the way that we did in the case of the fireworks. 
Indeed, only a few coloured fires can be distinguished in this 
manner. Generally half-a-dozen or more powders are 
mixed together, and the light they give when ignited is a 
mixture in which the colours due to individual elements are 
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lost. *1 he spectroscope here comes to our assistance. 
The yellow light due to the burning of common salt is 
caused to illuminate the slit of the instrument it falls upon, 
and traverses the prism and forms a yellow image. When 
observed with the view-tclescope, the image is seen to con- 
sist of two fine yellow lines, very close together, Now l?t 
the red light of strontium fall upon the slit. It traverses 
the prism and’ forms red images — images not so much bent 
out of the original direction as the previous ones, and « 
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blue image, that is, one more bent. The light of burning 
barium causes a large number of brilliant lines and bands 
to he seen, some more bent and some less bent towards the 
base of the prism than the yellow lines exhibited by 

common salt. Lithium shows a red line — a line less bent 

out of the original direction than any of the others, A 

very good form of spectro- 
scopic lamp is that shown in 
the figure, It consists of a 
burner and a dip for holding 
substances on a single stand. 
If a number of materials arc 
burnt together in a flame of 
this character; each of them 
shows the same lines or bands 
as they do when burnt sepa- 
rately. The prism assign spar- 
ticular positions to be taken up 
by the light of each element, 
and an observer soon gets to 
know these positions. He is then able to distinguish the 
lines or badges of different substances in much the same 
way that a military man can pick out soldiers of different 
regiments during a review. Different elements, then, ex- 
hibit different sets of lines when observed with the spectro- 
scope. Some elements show only one or two lines, while 
others show a large number under similar conditions, but 
each element has a set of its own, whether the lines are few 
or numerous. This fact can be utilised to determine tho 
elements in a mixture. The substance which it is desired 
to analyse is burned in a dame of some kind, and then ob- 
served through the spectroscope. <f Yes,” says the observer, 
“there are the lines of sodium, doge tq thorn are the 



Fig, io.— A Spectroscopic Lamp. 
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strontium lines, and there is the green line of thallium t " 
and he continues his observations in this manner until the 
origins of nil the lines have been recognised. 

When a gas flame, or the light of an ordinary lamp, or 
the incandescent ball of lime used for lantern illustrations 
is observed with a spectroscope, an unbroken band of 
colour known as a “ continuous spectrum ” is seen. The 
light of every white-hot solid or liquid body, or of any 
luminous gas under pressure, is transformed by the prism 
into this rainbow-coloured band. 

We have said that a little salt placed upon the wick of a 
spirit-lamp tinges the llame yellow and causes a pair of 
bright lines— the “ sodium lines "—to be seen In a spectro- 
scope. If, while the lines are “on view,” a lime-light is 
started, so that its bright beams have to pass through the 
sodium (lame to reach the slit of the spectroscope, they will 
be seen not bright ns before, but ns dark lines upon a 
continuous spectrum. Turn off the incandescent light, or 
block it out by means of a screen, and the sodium lines will 
again be seen bright and alone, The llame' is not altered 
by the light passing through it. We must therefore con- 
clude that the lines arc seen dark by contrast witli the 
bright continuous spectrum of the lime-light. By placing 
lithium, or thallium, or any other substance upon the flame, 
and passing the beams from the Incandescent cylinder of 
lime through it, each set of lines is seen dark upon a 
coloured ribbon instead of appearing as bright and 
differently coloured images of the slit. Thus, each element 
burning in the flame blocks out from the continuous 
spectrum the lines of which its own spectrum consists. 
This is a most important observation \ indeed, it is the 
cardinal principle of spectrum analysis applied to the 
heavens. 
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In 1814, Fraunhofer, u (lemum optician, fu mid that by 
admitting sunlight to a prism through 11 crevice in a window 
blind, and viewing the spectrum with u small telescope, the 
coloured hand was crossed by a iuiiuIut of dark line * m 
right angles to tile direction of its length, lie runnled 
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about six hundred lines, and mapped the positions of wmic- 
thing like half this number, designating the most ion- 
spicuous lines by letters of the alphabet, With the 
spectroscopes now at the disposal of astronomers, thousand* 
of dark Hues can be seen in the sped mm of .sunlight’ In 
honour of ihc discoverer, they are termed 41 Fttumlndcr 
lines," Fraunhofer found that the line, or rather pair id 
lines, produced by burning common salt, nt rupied cvidly 
the same position ns a dark line in the solar spectrum, Imt 
the circumstance was regarded more as an accident than 
otherwise, Not until nearly half 11 century Inter, in iWyj, 
waa the key to these enigmatical linen discovered. It in 
involved in the third principle experimentally din. luted 
above and enunciated by Kirehoff. What Kin limit' -.aid 
In substance was this 1 “There is a solid or 11 liquid 
something in the sun giving a continuous spectrum, and 
around this are vapours of sodium, of iron, of calcium, of 
chromium, of barium, of magnesium, of nickel, of copper, 
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of cobalt and aluminium ; all these are existing in an 
atmosphere, and are stopping out the sun's light, If the 
sun were not there, and if these things were observed in an 
incandescent state, wc should get exactly these bright lines 
from t lie m. w (Lockyer.) 

The conviction is thus forced upon ua that the dark lines 
in the solar spectrum are caused by light from a very hot 
body having a continuous spectrum passing through an 
envelope of gases at a lower temperature. Each gus sub- 
tracts from the continuous spectrum those rays of which its 
own spectrum consists, hence, by matching the dark lines 
in the solar spectrum with bright lines of terrestrial elements, 
we can determine the chemical constitution of. the atmo- 
sphere which produces them. The comparison is best made 
by burning substances in the electric arc, for we then see 
them at a temperature approaching that of the sun. Sun- 
light is caused to illuminate one half of the slit of the 
sped ros cope, while the light of the arc illuminates the other 
half. The solar spectrum and the “ nrc-spcctrum ” of the 
substance being burned, are then seen one above the 
other, and the coincidence or non-coincidence of dark lines 
of the former with the bright lines of the latter can be made 
out, But the photographic plate has now almost entirely 
replaced eyc-observalions of this kind, The two spectra are 
caught upon a sensitised film, and the lines leave their im- 
pressions, The pictures can then be examined at leisure 
to see if Fraunhofer lines are matched by lines due to the 
substance burning in the electric arc. 

The visible solar sped rum is a coloured band extending 
from red to violet, and as in many other things, we are apt 
to conclude that this strip represents the beginning and the 
end of it, But if a photographic plate is placed so - that one 
end Lies in the red part of the spectrum and the other 
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reaches beyond the violet, and after being exposed for a 
short time, it is taken away and treated with chemicals in 
the usual manner, what do we find ? Lines more bent than 
the violet end of the spectrum appear upon the photographs, 
that is, lines which are utterly invisible to the eye. 1 he 
lines in the violet and blue parts of the spectrum are also 
portrayed in their proper relative positions, but unless the 
film has been specially prepared, none of the lines from llie 
green to the red are found upon the pictures. The photo- 
graphic plate is thus sensitive to light rays which are incap- 
able of producing any visual effect, and the eye, on the 
other hand, can see rays which leave no impression upon 
an ordinary sensitive film, We shall have occasion to refer 
lo this point again. 

Photographic and visual comparisons of the kind indi- 
cated above have shown the disciples of the “ new astron- 
omy ” that most of the elements' existing upon the eailh are 
to be found in the sun. More than two thousand lines 
.contained in the spectrum of iron coincide with the same 
number of dark lines in the solar spectrum. What is more, 
brilliant line3 of iron are represented by conspicuous Krmuv 
hofer lines ; while faint lines in the spectrum of the metal 
haye faint counterparts. According to the most recent 
observations the common terrestrial elements at present 
known to enter into the sun's constitution are, calcium , 
hydrogen, sodium, nickel, magnesium , cobalt, silicon , alum- 
inium , titanium, chromium, mangapese, strontium, barium, 
carbon, copper, zinc, cadmium, silver^tin, lead, and potassium. 
The eight italicised elements make up rather more than 
fifty per cent, of the crust of the earth. There is litLlc doubt 
that if the earth were heated to the temperature of the sun 
its spectrum would closely resemble the solar spectrum. 

It was at one time thought that the Fraunhofer lines nte 
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produced by absorption in our own atmosphere and not in 
the solar envelope. If this were so, the lines should increase 
in strength when sunlight traverses a greater thickness of 
atmosphere, that is, in the morning or evening. There 
should be a gradual decrease in intensity from sunrise to 
noon, and an increase from noon to sunset. A few lines 
really show this variation. They are, therefore, produced 
by our atmosphere, and are known as 4t telluric Lines.” 

So far wc have dealt only with the summation, as it were, 
of solar light. In 1866, Norman Lockyer suggested that 
different parts of the sun should he examined in order to 
obtain an intimate knowledge of solar phenomena, An 
image of the sun, formed by means of a lens, is caused to 
fall upon' the slit of a spectroscope. Suppose it is desired 
to observe the spectrum of a sun-spot, the sun’s image is 
arranged so that the spot is on the slit. Upon observing 
the solar spectrum when this is the case, a dark strip is 
seen to stretch from one end to the other. Many of the 
Fraunhofer lines are seen to be thickened or widened where 
the dark strip crosses them, while others are unaffected, 
Wc have seen that the lines owe their existence to the 
absorbing effect of a comparatively cool envelope. If, there- 
fore, the amount of absorption is increased, the lines must 
appear wider. Hence the widening of Fraunhofer lines 
where tbo dark strip crosses them is an indication of in- 
creased absorption, and this can he produced either by a 
decrease of temperature or an increase of pressure, or both. 
Hy observing the set of lines that are affected, the kinds of 
vapours existing in the spot are determined. Occasionally, 
Fraunhofer lines in a spot-spec Irani become suddenly bright, 
thus indicating that the vapours they represent have been 
suddenly increased in temperature or decreased in tem- 
perature. 
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The spectroscopic observation of prominences during Hie 
total solar eclipse of 1868 showed that these fantastic forms 
chiefly consist of glowing hydrogen, the most conspicuous 
lines in their spectrum being due to this element For- 
tunately for science, Dr. Janssen and Prof. Lockycr inde- 
pendently discovered a means of observing prominences 
at any time. The principle of the method is as follows : — 

We are unable to see the stars in the daytime on account 
of the glare of sunlight in our atmosphere, and the pro- 
minences and corona are invisible under ordinary circum- 
stances for exactly the same reason. Strip the earth of 
its aerial envelope, and the stars, prominences, and corona 
could be seen against the dark background of Apace. 
Evidently, then, if the intensity of the atmospheric glare 
can be diminished without a corresponding diminution (if 
the light of the* prominences, these red flames will become 
visible. The spectroscope permits this to be done. Thu 
spectrum of diffused sunlight is the same as that of the aim 
itself. If an instrument having a single prism is used U> 
view this spectrum, the characteristic coloured ribbon of 
light is seen. With a two-prism spectroscope the ribbon 
appears of a greater length, but fainter in all its parts ; a 
three-prism instrument shows it stretched still more, blit tins 
stretching has again been accompanied by a loss of bright- 
ness. Thus the intensity of the spectrum of diffused Min- 
light diminishes as a spectroscope is increased in pmvuiv 
Now the spectrum of the glowing hydrogen prominences 
consists of a few bright lines, When observed with a singlu- 
prism spectroscope, these lines occur at certain distances 
apart. A two-prism instrument separates the lines to u 
greater extent, without altering the relative distances, A 
three-prism instrument makes the intervals still greater, rmd 
so on for any number of prisms, each adding its separative 
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effect to the one before it* It appears, then, that an in- 
crease of the power of a spectroscope diminishes the in- 
tensity of atmosphere glare, without diminishing the 
brilliancy of the bright lines of which the prominence spec- 
trum consists* Hence, if the slit of a powerful spectroscope 
is placed near the sun's edge, so that the continuous 
spectrum seen is that of the sky and not of the sun itself, 
and a prominence happens to exist at that part of the edge, 
the bright lines in its spectrum will be clearly seen, and if 



Fig. 13— A [Solar h-omincnct!, photographs! by Prof. ITnlc In full dnylight. 

the elit is widened, the prominence itself becomes visible. 
Tn order to observe the prominences projecting from the 
sun's disc at any time, the slit of the spectroscope has to 
be adjusted at different points Until it has been taken com- 
pletely round the edge, By an invention due to Prof, 
Hale of Chicago, all the red flnmcs shooting out from the 
edge can now be photographed at a single exposure 
The sun is artificially eclipsed and photographed, and the 
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clouds of glowing hydrogen which float above it at the time 
are delineated upon the resulting picture. 

The prominences are conveniently arranged into two 
groups, known respectively as quiescent” or “ hydrogen ” 
prominences, and “ eruptive ” or "metallic” prominences. 
The former class resemble our terrestrial clouds. They are 
usually very large > extending to a height of 50,000 or 100,000 
miles above the atmosphere, and frequently endure un- 
changed for days together. Prominences of the- latter class 
are far more vivacious than their steady-going brethren, and 
are less massive. They exhibit many bright lines due to 
metallic elements, lienee the designation “metallic promin- 
ences. ” Prof. Young remarks with regard to these flames, 
“They usually appear in the immediate neighbourhood of 
a spot, never occurring very near the solar poles. Their form 
and appearance change with great rapidity, bo that the 
motion can almost be seen with the eye— an interval of 
fifteen or twenty minutes being often sufficient to transform, 
quite beyond recognition, a mass of these flames 50,000 
miles high, and sometimes embracing the whole period of 
their complete development or disappearance. Sometimes 
they consist of pointed rays, diverging in all directions, like 
hedgehogs’ spines. Sometimes they look like flames, some- 
times like sheaves of grain, sometimes like whirling water- 
spouts capped with a great cloud ; occasionally they present 
most exactly the appearance of jets of liquid fire rising and 
falling in graceful parabolas; frequently they carry on their 
edges spirals like the volutes of an Ionic column, and 
occasionally they detach filaments which rise to a great 
elevation, gradually expanding and growing fainter as they 
ascend until the eye loses them/ 

The motion of a prominence shot straight out from the 
sun’s edge can be seen, but it is evident that if the flame were 
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moving towards or away from us at the same time, or if it 
had a whirling motion, the eye could not perceive it. 
Fortunately, this “ motion in the line of sight ^ can be de- 
tected and measured by means of the spectroscope. The 
principle is as follows : — 

When standing upon the platform of a railway station 
towards which an express train is approaching, many people 
will have noticed that the pitch of the whistle increases 
slightly as the engine approaches, and decreases as it whirls 
away. The absolute pitch of the whistle is immaterial. 
When the -distance is diminishing, the pitch is raised, and 
when the distance is increasing, the pitch is lowered. This 
principle also applies to lights. A luminous body approach- 
ing the earLh has its colour-pitch raised, while a motion 
away from the earth causes it to be lowered. The positions 
of lines in a spectrum corresponds to the pitch of notes in 
the musical scale. The lowest notes of a piano correspond 
to red light, and the highest notes to violet light. Further, 
each C of the piano is analagous to a line of hydrogen in 
the solar spectrum. Now the difference between the pitch 
of C and any other note is constant. If the piano is mov- 
ing rapidly towards us, or wc towards it, and nil its notes 
are sounding, nil of them will have their pitch raised, while 
a motion in the opposite direction causes a lowering of 
pitch. But if wc suppose that one set of notes, say C and 
all its octaves, is being hurried towards us while the re- 
mainder are at rest, ibis set only will have its pitch in- 
creased. The difference of pitch between each C and the 
D next above it will therefore be diminished, and the 
magnitude of the difference will depend upon the velocity 
with which the C notes move towards us. A motion of re- 
cession causes a lowering of the C notes relatively to those 
at rest. Now transfer your thoughts from the musical notes 
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to the hydrogen lines in the spectrum of a prominence. 
If the hydrogen to which they owe their being is moving to- 
wards the earth, the lines arc increased in pitch, they arc 
shifted slightly towards the Fraunhofer lines just above 
them, that is, nearer the violet end of the spectrum. 
Hydrogen moving away from the earth suffers a decrease 
of pitch, and the difference of distance between its lines 
and the lines nearer the red end of the spectrum is 
diminished. By measuring the difference on either side, 
the velocity of approach or recession of the mass of 
hydrogen can be calculated, Similar reasoning applies to 



1 3-— Changes observed by Young In a hydrogen line of n sun-spot 
spectrum. 

the spectrum of a sun-spot. It sometimes happens that 
many of the Fraunhofer lines are considerably distorted in 
a spot-spectrum, Thus, the lines of hydrogen, instead of 
being straight, assume zig-zag and branching shapes. 
Where the lines are bent towards the red end of the 
spectrum, the hydrogen they represent must be moving 
away from the earth, and, on the other hand, the parts of 
the spot in which the gas is moving towards the earth shpw 
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the hydrogen lines displaced in the opposite direction. It 
is only when the gas is neither approaching nor receding 
from us that t{ the crooked is made straight.” 

Both in prominences and sun-spots a whirling motion 
has been detected indicating that the sun, like the earth, has 
its ‘‘cyclones M and 41 tornadoes/' but on a much grander 
scale. Titc velocities shown by the spectroscope in solar 
phenomena are usually from fifty to about two hundred 
miles per second, and occasionally a rate of three hundred 
miles per second is measured, but this is very rarely ex- 
ceeded. It is difficult to conceive of material ejected with 
these tremendous velocities, yet the spectroscope shows 
clearly that the masses of gas do actually move in this swift 
manner. As to the nature of the forces which produces 
this violent agitation, little is definitely known. 

Metallic prominences are closely connected with sun- 
spots. They occur most frequently over the sun-spot zones, 
wax and wane in an eleven-year period, break out in high 
latitudes after a minimum of activity, and then approach 
the equator up to the next minimum. Indeed, all solar 
phenomenas arc connected in some way or other; and as 
lime goes on, the law that governs them will be revealed. 

The spectroscope lias been turned to the corona during 
the brief moments of solar eclipses, and the bright lines 
seen and photographed show at once that we are dealing 
chiefly with a luminous gas. The spectroscopic trade-mark, 
so to speak, of the corona is a green line coincident with a 
faint Fraunhofer line in the ordinary solar spectrum. Like 
many other lines, this has not been matched with a line 
given by a terrestrial element, that is to say, no known 
element has a line in exactly the same position as the 
u corona line.” The probability is that the line is due to a 
material lighter, even than hydrogen, the lightest of known 
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substances. The extremely fine, indeed, one may say, the 
ghostly texture of the corona, shows that the material exists 
in a state of excessive tenuity. 

In addition to the conspicuous badge of the corona, a 
number of other bright lines, some of which are due to 
hydrogen, show themselves in the spectrum. A number of 
dark Fraunhofer , lines and a faint continuous spectrum are 
also seen. This indicates that some of the coronal light is 
sunlight reflected by solid particles. Hut since no method 
has yet been perfected whereby this envelope or outer 
atmosphere can be studied in daylight, less is known about 
it than the prominences, which, ns has been pointed out, 
can now be studied without waiting for an eclipse. 

The physical constitution of the sun, and the cause of the 
various solar phenomena, have been mul arc still matters of 
discussion. The general belief is that the nucleus of tin; 
sun consists of gnse3 under great pressure ami at extremely 
high temperatures. Surrounding this is the photosphere, or 
luminous surface, which is probably of a cloudy nature, but 
the clouds instead of being composed of particles of wilier 
consist of condensed vapours of metals, The clouds Hunt 
in an atmosphere in which uncondensed vapours or metals 
take the place of the oxygen and nitrogen of our own nt- 
mosphere. The atmosphere extends above the level in 
which the photospheric clouds occur, nnd, by its absorbing 
action, produces the Fraunhofer lines in the solar spoclrmm 
•acit ce are e evated clouds, and they nppcnr brighter than 
, f Ph«o*phere, bec.usc l heir light l„„ 
through such ti grew thickness of eb,o, b i„ e cw 

Spon are cool depressions i„ t |„ photosphere. The, ™ 

P y produced by the downrnsh of large qunmitios of 
ondeeeed „,„ t er „p„„ the pbotMp|lerc . VX , , 

the tope of photospheric cloud. The «c," h 
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to a height of about 5,000 or 10,000 miles above the photo- 
sphere. 

The appearance of this scarlet-coloured shell “ is as if 
countless jets of heated gas were issuing through vents and 
spiracles over the whole surface, thus clothing it with flame, 
which heaves and tosses like the blaze of a conflagration/' 
(Young,) The chief constituents of the chromosphere are 
hydrogen, and an unknown substance to which the name of 
helium has been given. The prominences are portions of 
the chromosphere which have ascended above the general 
level. Surrounding the chromosphere, the coronal atmo- 
sphere or corona occurs, This envelope consists partly of 
glowing gas and partly of solid particles, which reflect sun- 
light. Its chief gaseous constituent is unknown in terrestrial 
chemistry, and has been named <f coronium.” 

Much has been done since the spectroscope entered the 
field of inquiry, but much more remains to be done. The 
“stream of tendency 11 is towards solar physics, and facts 
are being rapidly accumulated, which, though apparently 
unimportant, must bring us nearer to the <l first cause." 



CHAPTER IV, 


THE EARTH’S CLOSE COMPANION, 

The moon is the earth’s obsequious attendant. She is 
bound to us by the strong attachment of gravitation, and 
accompanies us wherever we go. Her distance is only 
240,000 miles, that is, about ten times greater than the cir- 
cumference of the earth, and four hundred times leas than 
the sun’s distance* Judging by appearances, the full moon 
looks almost as large as the sun, but there is such a differ- 
ence between the distances of the two bodies from the earth, 
that it must be concluded that the moon is really much smaller 
than the sun. The apparent sizes of objects are proportional 
to the distances from which they are viewed. Since, then, 
the moon is seen from a distance four hundred times less 
than the distance of the sun, and appears approximately to 
have the same diameter, her real diameter is four hundred 
times less than that of the sun, that is, one four-hundredth 
of 866,000 miles, or 2,165 miles. From this it will be seen 
that the moon is almost a nonentity compared to the sun, 
A striking illustration of her insignificance is afforded by the 
fact that if the earth could swell in size until it reached the 
moon, 240,000 miles away, its diameter would only be a 
little more than half the sun’s diameter. 

The moon is a small body even when compared with the 
earth. About three and a half moons in a row would reach 
from England to the Antipodes through the centre of the 
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earth, Americans can realise with exultation that North and 
South America taken together have more square miles than 
the whole of the lunar surface, As regards the volume or 
bulk, forty-nine moons welded into one would make a 
globe of the same size ns the earth. But this globe would 
only weigh about three-fifths as much ns the earth, for the 
lunar rocks, taken as a whole, are not so dense ns those 
which make up our planet. If both lunar and terrestrial 
materials had the same average density, the earth's mass 
would be forty-nine times greater than the moon’s, as well 
as its volume, whereas the mass of the earth is eighty-one 
times greater than that of the moon. 

“The man in the moon," if endowed with the same 
muscular exertion as ourselves, would be able to perform 
prodigious feats, If he could carry one hundredweight on 
the earth, he could carry six hundredweight on the moon, 
and if he could jump three feet here below, he could with 
the same exertion leap eighteen feet on the moon. Should 
he turn the scale at twelve s:one on the earth, and be 
transported to the moon, he would find that the change of 
place had brought his weight down to about twenty-eight 
pounds. Suppose communication had been opened up be- 
tween the earth and the moon, and we supplied the inhabi- 
tants of our satellite with coals to cheer their dreary lives. 
A ton of coals, containing the usual quantity of 20 cwt,, 
is started on its journey. It reaches the anxious house- 
holder on the moon/and he decides to check the weight 
by means of a spring-balance recently imported from the 
earth. The re-weighing would lead the lunarian to doubt 
the probity of terrestrial coal merchants, for he would find 
that the coals only weighed 3 cwt. 

The moon differs from the sun in the fact that it passes 
through phases or changes, First, the “New moon, like a 
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silver bow, new bent in heaven, 0 is seen just above the sun 
as he sets on the western horizon, the horns of the crescent 
always being pointed away from the globe from which her 
light is borrowed. Each night sees the crescent wider, and 
soon the half moon is reached. A week later the full moon 
“rolls through the dark blue depths, 0 Another week mid 
a half moon is again visible, then a crescent is seen in the 
dawn, with the horns pointing away from the sun, and then 


the old moon is swallowed up in sunlight. The time from 
full moon to the next, or from any phase to the same phase 
again, is 29A- days. From new moon to half moon, half to 
full, and so on, the intervals is, roughly speaking, seven 
days, and there is little doubt that our week of seven daya 
had its origin in this fact. 

If the moon is Observed near a particular star at anytime, 
she will be found in the same relative direction after 27J 
days. This interval is known as a sidereal or star month. 

Lunar phases result from the fact that moonlight is re- 
flected sunlight. One half of the moon is bathed in the 
sun’s beams, while the other half is in utter darkness. 

cn the illuminated half is facing us, the moon is full, 

) ?? Vl ?' v it sideways, a half moon is seen, and when the 
ng t ace is turned from us, we see no moon at nil. All 
ie c anges are caused by the ever-varying aspects presented 
us y t e emi sphere of the moon which faces the sun, 
with ^ C time u n * CW moon our sat ellite is in “conjunction 0 
at the C SUn - 1 St 1S t0 Say> b ° tfl bodies appear due south 
bebw hT U5Ually the 111000 is sli S ,nl y above or 

j l '" " n:>1 be »“' T1 "= illnmiimtoU 

i is sr A fe ” d,ys i “-' 

small ponio,, J ker b d . ?" “ r,h “Hcientl, to .how a 

v f her bn S ht S| de. Seven days after nevy 
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moon, the first quarter of the monthly journey lias been 
described. At this time our satellite crosses the earth’s 
orbit, and we are able to see one half of the illuminated 
hemisphere. Seven days more, and the moon is ir» “ op- 
position” with the sun, that is to sny, the sun, earth, and 
moon are in one direction, with the earth in the middle. 
But the three bodies are not generally in a line, so the 
people on the dark side of the earth are able to see the 
moon “ in full-orbed glory,” as the sunlight streams upon 
her face, and clothes her with radiance. At the end of the 
third quarter, the moon is once more in a direction at right 
angles to the sun, and a half moon is seen. From this time 
the visible portion of the lunar surface diminishes to new 
moon, when the cycle of changes begins again. 

If the moon revolved round the earth in the 9ame plane— 
tile plane of the ecliptic— as that in which the earth jour- 
neys round the sun, then once a month she would come 
between us mid the sun and eclipse him, that is to say, an 
eclipse of the sun would occur at the time of every new 
nioon, Similarly, at the lime of each full moon, the sun, 
earth, and moon would be in a straight line, and an eclipse 
of the moon would occur ns our satellite passed into the 
earth’s shadow. These events do not happen monthly, be- 
cause the moon does not revolve on exactly the same plane 
ns the enrtli. By observing the moon’s track among the 
stars, it will be found not to coincide with the sun’s track — • 
the ecliptic. Could two luminous trails he drawn upon the 
sky to represent the respective paths of the " greater and 
lesser lights," they would be seen to cross one another nt 
two points, known as “.nodes,” The greatest distance be-> 
tween the two trails would be about ten times the apparent 
diameter of the moon. Now it should be evident that a 
total eclipse can only happen when the moon is at one of 
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the points where her orbit cuts the ecliptic. If the sun 
should arrive at this point at the same time as the moon, a 
solar eclipse must occur ; if the moon should arrive at n 
node just when the earth's shadow is sweeping past it, she 
must be totally eclipsed, and if the three bodies should be 
in a line when the moon is near, but not at a node, the 
eclipse will be only partial. 

It was noticed in very early times, that after an interval 
of 223 lunar months, eclipses happened in the same 
sequence as before; in other words, the occurrence of 
eclipses follows a cycle of this length. The period is 
known as the “ Sams/’ and by means of it the dates at 
which eclipses would occur were predicted by ancient 
astronomers. Thus an eclipse which happens on any partic- 
ular day will occur again after 223 months, or, more ac- 
curately, 6,585^ days. In the whole period there arc about 
forty-five solar and twenty-five lunar eclipses. Seven 
eclipses can occur in a year, and two must occur ; in the 
latter case, both are eclipses of the sun. 

The periodical recurrence of eclipses is caused by a 
movement of the nodes of the moon's orbit, Reverting to 
the imaginary luminous tracks of the sun and moon, sup- 
pose that the two crossed each other at one point exactly 
in front of a star. . At the end of a month, the node would 
be found to the west of the star; in two months, it would 
be further to the west, and so on. After nineteen years, 
the nodes would have backed completely round the ecliptic, 
and would be projected upon exactly the same part of the 
sky, And when it is remembered that eclipses only happen 
with the moon near a node, it will be understood that the 
length of the lunar cycle of 223 months must be regulated 
by the motion of the nodes. 

The phenomena of a total solar eclipse have already been 
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described. It sometimes happens that the moon's ap- 
parent size is smaller than the apparent size of the sun at 
the time of eclipse. Our dark companion cannot then 
cover up the whole of the sun’s disc, so a luminous ring is 
seen surrounding her, This is known as an “ annular " 
eclipse. 

An eclipse of the sun can only be seen where the moon’s 
shadow touches the earth, and the average width of this 
shadow is about 200 miles. On this account, it is very 
rarely that a little spot like England lies in the track of the 
shadow. The next total eclipse visible in our own country 
will not occur until 1999, On April i6th, 1893, there was a 
total eclipse of the sun j and it was utilised by astronomers to 
elucidate some of the many unsolved solar problems. The 
shadow-track crossed South America from Chili to Brazil, 
entering Africa near Bathurst, and left the earth in the in- 
terior of the Dark Continent. The eclipse did not come to 
English astronomers, so they went to it. For nearly five 
minutes the sun was completely covered by the moon, and 
darkness enshrouded like a pall the people over whom the 
shadow passed. 

From the above explanation it will be seen that an eclipse 
of the sun can only happen at vtw moon. Information of 
this kind should be part of the stock-in-trade of a novelist. 
A very successful writer, whom it is unnecessary to mention, 
describes a solar eclipse which occurred the day after full 
moon, and to make matters worse, the eclipse was said to 
last for half an hour, whereas the longest possible duration 
of totality is less than eight minutes. 

A total eclipse of the moon is always visible over more, 
than half the earth, and has a duration of a couple of hours. 
The phenomena observed are not very striking. During 
totality, that is, when the moon is entirely immersed in the 
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earth's shadow, our satellite can be seen as a dull redd tall- 
coloured disc. The earth is between her and the sun, so no 
direct sunlight can reach the lunar surface. From this it 
would seem that the moon is not a cold, dead world, hut a 
globe at a dull-red heat. Iiut this is not the ease. Thu 
appearance is caused by the action of the earth's atmosphere 
in diverting the sun’s beams from their course. Rays of 
light from the sun strike our atmosphere, and are bent to- 
wards the earth’s conical shadow; they fall upon the moon 
in the shadow, and make its surface visible. In traversing 
the earth's atmosphere, and being reflected through it 
again from the lunar surface, sunlight is shorn of most of its 
original glory, and only dull red rays arc left to report to us 
the story of the journey. 

By the exercise of a little imagination, some of the grey 
markings visible upon the lunar surface arc seen to bear a 


resemblance to a human face. According to an old legend, 
this “ man in the moon ” was transported from the earth for 
the heinous crime of picking up sticks upon a Sunday. A 
circumstance which has struck most people is. that the same 
face is always visible. Sometimes wo see a little more of one 
side or another, but the difference is hardly noticeable, and 
t e dweller on our satellite seems to keep his longing eyes 
fixed upon the world from which lie was tom. The moon, 
m act, always keeps the same side towards the earth, and 
rom t is it would seem that she does not rotate or spin like 
e eart . She really does rotate, however, but very slowly, 

. ad just making a complete turn in the 27}. days required 

and revoW a revol t utloll) that to say, the moon's rotation 
id mtr P '" 0dS ™ 0f lhe length. It i, soinu- 
„ , convince people that the moon rotates, white, 

A star ^ “ °™ tlml ° th “ is neve seen 

A simple experiment shoald dispel the d„„ b ,. „ 
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globe ora ball of some kind upon a table to represent the 
earth, and near the wall of the room let a lighted lamp 
stand for the sun.- Now walk round the table, keeping your 
face to the globe upon it, in the manner that the moon 
revolves round the earth* When on one side of the table 
you will face the lamp ; when on the opposite side your 
back will be towards it, For this to occur, you must have 
turned half round in walking half the distance round the 
table. Make the other half of the journey, and you will 
again face the sun, having performed a rotation as well as a 
revolution. The same thing can be tangibly illustrated by 
tying one end of a long piece of thread to a button on the 
waistcoat and the other end to the lamp, and then walking 
round the globe as before. At the end of the journey, the 
thread will be found to encircle the body, thus clearly 
proving that the revolution lias been accompanied by a 
rotation. 

Sometimes we are able to see over the moon’s north pole, 
and at other times a little beyond the south pole. Also 
twice a month we arc able to see slightly round the moon’s 
east and west edges. And further, rotation of the earth 
causes us to see the moon from different points of view. 
When she is rising, we look slightly over one edge, and at 
the time of setting we peer slightly over the opposite edge. 
These oscillations of the circle of illumination on the lunar 
surface are termed “Hbrations.” On account of their exist- 
ence, fifty-nine per cent, of the moon’s surface is visible at 
one time or another. The remaining forty-one per cent, is 
never seen by us, though it is illuminated by the sun like 
other parts of the surface. It is possible, and, indeed, very 
probable, that the unseen part of the moon is entirely different 
in structure from the part turned towards us. 

Galileo, in giving an account of the celestial wonders 

E 
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which had been revealed io him by means of the telescope, 
speaks first of the surface of the moon. liven in his small 
telescope our satellite appeared a beautiful object. In every 
age, dark markings had been seen discolouring the moon's 
face, but Galileo found numerous smaller spots never before 
seen by man. The words in which the faLher of physical 
astronomy states his first observations are full of interest. 
Galileo’s ff Sidereal Messenger: Unfolding Great and Map 
villous Sights, and Proposing Lhern to Lite Attention of Every 
One, but especially LMiilosophurs and Astronomers/’ was 
published in i6[o. The following extract is from Mr. 
Carlos’ translation : — ■ 

. “On the fourth or fifth day after new moon, when the 
moon presents itself to us with bright horns, the boundary 
which divides the part in shadow from the enlightened part 
does not extend continuously in an ellipse, as would happen 
in the case of a perfectly spherical body, but is marked out 
by an irregular, uneven, and very wnvy line, for several 
bright excrescences, aa they may be called, extend beyond 
the boundary of light and shadow into the dark part, and 
on -the other hand pieces of shadow encroach upon the 
light; nay, even a great quantity of small blackish spots, 
altogether separated from tho dark part, sprinkle everywhere 
almost the whole space which is at the time flooded with 
the sun's light, with the exception of that part alone which 
is occupied by the great and ancient spots. I have noticed 
that the small spots just mentioned have this common char- 
acteristic always, ancl in every case that they have the dark 
part towards the sun’s position, and on the side away from 
the sun they have brighter boundaries, aa if they were 
crooned with shining summits. Now we lmve an appear- 

s ^ m ’* ar on the earth about sunrise when wc 
behold the valleys, not yet Hooded with light, but the mourn 
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taing surrounding them on the side opposite to the sun 
already ablaze with the splendour of his beams; and just 
ns the shadows in the hollows of the earth diminish in size 
as the sun rises higher, so also these spots on the moon lose 
Iheir blackness as their illuminated part grows larger iuul 
larger. Again, not only arc the boundaries of light and 
shadow in the moon seen Lo be uneven and sinuous, but, 
and this produces still greater astonishment, there appear 
very many bright points within the darkened portion of the 
moon, altogether divided and broken off from the illumin- 
ated crust, and separated from it by no inconsiderable in- 
terval, which, after a little while, gradually increase in size 
and brightness, mid after an hour or two become joined on 
to the rest of the bright portion, now become somewhat 
larger, but, in the meantime, others, one hero and another 
there, shooting up as if growing, are lighted up within the 
shaded portion, increase in size, and at last are linked on to 
the same luminous surface, now still more extended, Now 
is it not the case on the earth before sunrise, that while the 
level plain is still in shadow, the peaks of the most lofty 
mountains are illuminated by the sun’s rays ? After a while 
does not the light spread further, while the middle and 
larger parts of those mountains are becoming illuminated j 
and, at length, when the sun has risen, do not the illumin- 
ated parts of the plains and hills join together? The 
grandeur, however, of such prominences and depressions in 
the moon seem to surpass both in magnitude and extent the 
ruggedness of the carles surface.” 

The description accurately represents and expluins what 
is seen when the moon is viewed through i\ small telescope 
at the present time. Galileo, and other observers following 
him, looked upon the moon ns another earth, of which " the 
brighter portion may very fitly represent the surface of the 
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land, and the darker the expanse of water.” Though this 
idea is now known to be erroneous, the large dark patches 
retain the name of “ seas.” 



. The f eatures of the lunar surface are conveniently grouped 
into five classes. There are craters which more or less re- 
semble in appearance the craters of terrestrial volcanoes; 
Ue p ama, coming about one half of the moon's visible sur- 
e ; t e mountain forma t ions, anal agous in some respects 
to the mountain ranges of the earth; rills or clefts which 
quen ) run i e deep trenches through plains and nioun- 
a,ns f°r many mdea, and bright streaks which radiate from 

' The word " ate ? are Unlike flnythlng on the earth ’ 
crater is used to. designate the circular cups 
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or cavities with which the moon’s surface is pitted. They 
vary considerably in size, some being a hundred miles in 
diameter, while others arc so small that they can only just 
be seen under the best conditions. Hut a family likeness 
runs throughout all of them. Each consists of a rampart or 
ring, rising sometimes to a height of three or four miles 
above the surrounding surface. Near the centre of the 
areas embraced by these circular walls, one or more conical 
peaks usually occur. In some craters, the peaks rise high 
above the inside level, known ns the craler-lloor ; others are 
lower; only traces of central cones are seen in many craters, 
and there are craters having no mountain peaks at their 
centres. 

Though lunar craters bear n general resemblance to the 
mouths’of terrestrial volcanoes, there is one material differ- 
ence between them. The floors of craters of volcanoes on 
the earth are generally above the level of the neighbouring 
country, while on the moon they arc depressed below the 
level of the outside surface, the distance from die top of the 
rampart to the plateau within being frequently twice as great 
as'that from the top to the bottom on the outside, 

The origin of lunar craters is still a vexed question. One 
would conclude by analogy that the forces which cause 
volcanic eruptions on the earth have been at work on the 
moon, And when it is remembered that tho intensity of 
gravitational attraction on our satellite is but one-sixth that 
on. the earth, it can be understood that the ejected rock 
would be carried to a much greater distance from the vent 
than is the case with terrestrial volcanoes. The Into Mr, 
Nasmyth made some valuable suggestions as to the mode of 
formation of lunar craters and walled plains. A lunar volcano 
in full activity could eject materials with such a force that they 
would reach the surface at a distance of soveral miles from 
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the p; [>c, ami pile up ii largo rim round it. In the ease of 11 
volcano in feeble activity, the ejected nick would not be 
carried so far, so 11 rim of small diame ter would bo built up. 

As the volcanic action died out, fragments ol rock would lie 
so feebly ejected that they would fall round the vent and 
build up the central cone which charm: to rise a a normal lunar 
crater. I*nvn, or molten rock, might then pour out and mom 
or less submerge the cone. Indeed, it is possible that the 
flow may continue until the central cones are overtopped 
and the molten rock reaches nearly to the rim of the cralrr. 

All these stages are represented by actual lunar formations. 
There are, however, many objections to this simple explan- 
ation, the chief being that there is no evident of water on 
the moon. Some astronomers and geologists favour the 
idea that the craters must have been produced by the bom- 
bardment of masses of rock when the moon was in u viscous 
condition. 

That the moon ha* practically no atmosphere is evidenced 
by several facts. In the first place the edge of our satellite 
is as bright and sharp ns other parts of the disc, whereas il 
an atmosphere existed, it would he dim and hazy ; and 
secondly, the shadows on the moon are always seen perfectly 
defined and black. Further, when the moon comes between 
us and a star, the latter disappears in tin instant behind the 
sharp edge, and docs not become slowly obscured as it would 
do if a Umar atmosphere came In front of it before the solid 
surface of the moon. 

The temperature of the moon’s surface must vary between 
very considerable limits. For about a fortnight the mm'u 
beams beat upon the land unlompered by any atmimphcic. 
There is no vaporous blanket to soften the light and hcsil, 
or to prevent its loss from the lunar surface. And, n* a 
result, it is found that the sunlit surface loses iln hunt sn 
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rapidly that it is never above the temperature of freezing 
water. For about fourteen clays the sun never shines on one 
side of the moon, and then the temperature must fall to a de- 
gree compared with which our Arctic regions would be tropi- 
cal. Mr. Nasmyth remarks, “Among the consequences 
of the alternations of temperature to which the moon's 
crust is thus exposed are doubtless more or less considerable 
expansions and contractions of the surface material, and we 
may conceive that a cracking and crumbling of the more 
brittle constituents would ensue, together with a grating of 
contiguous hut disconnected masses, and an occasional dis- 
location of them. We refer again to these phenomena to 
remark that, if an atmospheric medium existed they would 
be attended with noisy manifestations. These are abundant 
causes for grating and crackling sounds, and Buch are the 
only source of noise upon the moon, where there is no 
life to raise a hum, no wind to murmur, no ocean to brim 
or foam, and no brook to splash. Yet even these crust 
cracking commotions, though they might be felt by the 
vibrations of the ground, would not manifest themselves 
audibly, for without air there can be no communication 
between the grating or cracking body and the nerves of 
hearing. Dead silence reigns on the moon ; a thousand 
cannons might be fired and a thousand drums beaten upon 
that airless world, but no sound would come from them : 
lips might quiver and tongues essay to speak, but no action 
of theim could break the utter silence of the lunar scene." 

Lunar Statistics. 

Diameter of moon, 2,163 miles, wfo of the earth. 

Surface of moon, 14,657,000 square miles, xttt* 
earth. 
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Solid contents of the moon, jj, *76,000,000 «*ubil miles, 

•1 uVi, dm eurdi. 

Mass of moon, 7;t million tons, fl ,\ 0 of the earth. 

Density of moon, \J of the earih. 

Density of moon compared with water, ,V-1 !• 

Loire of gravity at llm moon's surface, \ of the earth, 

Average distance 1 from the earih, 238,8.10 miles. 

Greatest distance from the earth, 2 fi 2,0 70 miles. 

Least distance from the e;uth, 22 i,6i 7 miles, 

length of a Umar month, a 9 days, 12 hours, ,pi minutes, 27 
seconds, 

Length of a sidereal month, 27 days, 7 hours, \ \ minute:., 
11-5 seconds. 

Area of the moon never seen, ,\ 1 per cent. 

Area visible at various times, 59 per mil. 

Inclination of axis to ecliptic plane, 87' 25' 51". 

Inclination of orbit to ecliptic plane, 5 -S', 

Length of the Bnros or eclipse period, 32,3 months, or .6,585 * 
days. 

The light of about 0oo,ooo full moons would be required In 
equal the light of the sun. 

The temperature of the moon's surface is never above 32" 
Fahr,, and for days together is far below it. 



CHAPTER V. 


THE SUN’S FAMILY OF PLANKTS. 

The planets are the earth’s brothers and sisters, and the sun 
rules over all with despotic authority. Each planet is eager 
to escape into outer space, but the sun keeps a tight icm, 
and curbs the restive spirit. Should “the tic that bines 
be broken, each member of our little family group won c 
take walks in life very different from those they now pursue. 
But they are exercised into moving “decently and in order, 
and celestial anarchy is prevented by the firmness of the rule. 

The nearest planet to the sun is Mercury, “the swift 
messenger of the gods,” and remarkable for the vivacity of 
his motions. Then comes the bright and beautiful Venus. 
The earth follows. At a still greater distance Mars, “ ruddy 
and awful,” runs his race. Beyond hini» our big brother 
Jupiter makes his stately march. And next Sntnrn moves, 
while “ his steadfast shade sleeps on his luminous ring. 
Uranus, the father of Saturn, 1ms a path suitable to his dig- 
nity, and last of all comes Neptune, moving in the infinite 
ocean of space. 

The number of miles each planet is distant from the sun, 
and other numerical facts concerning the members of our 
system, are tabulated at the end of this chapter. It is suffi- 
cient here to give illustrations which will enable the relative 
dimensions to be grasped. 

The earth is approximately eight thousand miles in 
diameter. Let us represent this by one foot and construct 
fin imaginary solar system on the scale of one foot to eight 
thousand miles. St, Paul’s Cathedral in London is known 
to be a mighty structure, and its dome, more than one 
hundred feet in diameter, is a fitting rcprgscnftition of ft 
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hemisphere of the sun. Mercury would be proportionally 
represented by a baby's head at Chancery Lane ; Venus, by 
a globe rather less than one foot in diameter revolving in a 
path at the distance of Charing Cross from the cathedral 
dome ; the earth by a one-foot globe situated at Bucking- 
ham Palace; and the moon a cricket ball circling round her 
at a distance of thirty feet. Mars, a man’s head, travelling 
in a circle having for its radius the distance from St, Paul's 
to South Kensington Museum ; the minor planets or aster- 
oids, small shot, revolving at the distance of Hammersmith ; 
the radius of Jupiter’s orbit would be just beyond Richmond, 
the planet itself being a globe eleven feet in diameter ; 
Saturn, a nine-foot globe would be at Staines, near Windsor, 
and would move round St. Paul’s at this distance ; Uranus 
would be a four-foot globe at Reading ; and Neptune, a 
globe four and a half feet in diameter, would have for the 
radius of his orbit the distance from London to Oxford* 
This is an accurate plan of the orbits of the planets and the 
sizes of the bodies themselves. On the -scale adopted, 
namely, one foot to eight thousand miles, the nearest star hns 
a distance of 500,000 miles. Sir John Herschcl, in his 
11 Outlines of Astronomy,” gives the following illustration of 
the relative magnitudes, distance, and velocities of the 
planets. u Choose any well-levelled field or bowling-green. 
On it place a globe, two feet in diameter, this will represent 
the sun • Mercury will be represented by a grain of mustard 
seed, on the circumference of a circle 164 feet in diameter 
for its orbit i Venus a pea, on a circle of 284 feet in diameter ; 
the earth also a pen, on a circle of 430 feet ; Mars a rather 
pin's head, on a circle of 654 feet ; the asteroids, 
grains of sand, in orbits of from 1,000 to 1,200 feet ; Jupiter 
a moderate-sized orange, in a circle neady half a mile across; 
Saturn a small orange, on a circle of four-fifths of a mile ; 
Vranus a full-sizjed cherry, or small plum, upon the circipiv 
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fcronce of a circle more than a mile and a half; and Neptune 
a good-sized plum, on a circle about two mile 3 and a half in 
diameter. A 3 to getting correct notions on this subject by 
drawing circles on paper or, still worse, from those very 
childish toys called orreries it is out of Ihe question. To 
imilate the notions of the planets in the above-mentioned 
orbits, Mercury must describe its own diameter in 41 
seconds ; Venus in 4 minutes 14 seconds ; the earth in 7 
minutes ; Mars in 4 minutes 48 seconds; Jupiter in 2 hours 
56 minutes; Saturn in 3 hours 13 minutes; Uranus in 2 
hours 16 minutes ; and Neptune in 3 hours 30 minutes." 

The comparative diameters of planets can be graphically 
shown by lines of different lengths. A square constructed 
on each line represents relatively the area of the planet s 
surface, and a cubical box having sides equal in length to 
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this inconceivable quantity by a weight of one pound, the 
mass of the sun would be 150 tons ; Jupiter, 310 pounds; 
of Saturn, 93 pounds; of Neptune, 17 pounds; of Uranus, 
14 pounds ; of Venus, 13 ounces ; of Mars, ij- ounces ; of 
Mercury, 1 ounce ; and of the moon, rather more than 3 
drams. It will be seen from this that the sun considerably 
outweighs the planets, in fact, his mass is seven hundred 
and fifty times greater than all the planets put together. 



Tig 16,— Comparative musses of ihc moon and plnncls. 


A planet’s size and its mass determines the intensity of 
gravitational attraction at its surface. On this account, the 
same body, if weighed in a spring balance, would appear Lo 
have different weights on different planets. A man weigh- 
ing 1 a stone on the earth would weigh two tons on the sun, 
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28 slonc on Jupiter, 14 stone on Saturn, 10 stone on 
Venus, Neptune, and Uranus, 5 on Mercury and Mars, 2 
on the moon, and a few ounces on an average asteroid. 

The mean density of a planet signifies the density taken 
as a whole, Thus, the rocks on the earth's surface are, on 
the average, about two and a half times heavier than equal 
hulks of water; they increase in density right down to the 
earth’s centre, where the materials must weigh nine or ten 
limes more than equal bulks of water, and the average from 
the surface to the centre is five and a half, Instead of ex- 
pressing the mean densities numerically, substances having 
different heavinesses are here given, as this affords a belter 
means of grasping the actual facts. Mercury has a mean 
density equal to that of zinc, that is, the planet weighs the 
same as a globe of zinc of the same size. The density of 
the earth is equal lo that of arsenic or one-half that of lead, 
of Venus to iron pyrites, of Mars to ruby, of the moon to 
Hint-glass, of Jupiter and the sun to anthracite coal or dry 
sand; Uranus has about the density of amber, Neptune of 


boxwood, and Saturn of walnut-wood. 

The planets have many common characteristics. They 
alt travel round the sun in nearly the same plane, and if we 
could view our system from the pole star, the direction of 
motion would be seen to be opposite to that in which the 
bands of a dock move* Each planet waltzes along its orbit, 


the direction of spin being the same as that of the onward 
motion, and the satellites (excepting those of Uranus and 
Neptune) also revolve in this direction. But just as the 
different members of a family possess peculiarities of char- 
acter and features, so do the individual planets ; and with 
theae planetary physiognomies we now intend to deal. 

Mercury is a " will-o’-the-wisp ” planet. He moves at the 
average rate of nearly thirty miles per second, that is, about 
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eighteen hundred times faster than an express train. It is 
only possible to see ihe planet shortly before sunrise or 
after sunset, and in our latitudes lie is generally lost 
in the mists of the horizon. Near the equator, however, 
he is quite a conspicuous object, though always near the 
sun. 

Viewed telescopically, Mercury is found to pass through 
phases like the moon. He also occasionally comes straight 
between the eartli and the sun, and is then seen as n small 
black spot crossing the solar disc, 

Owing to the proximity of Mercury to the sun, the light 
and heat received on a unit ol surface is much greater than 
on the earth, and it varies considerably throughout the year 
of eighty-eight days, The 9un is three million miles farther 
from the earth in our summer than in winter. llut this 
is only a small fraction of the total distance, and the varia- 
tion of the sun's light and heat due to this cause is noticed 
with difficulty, The path of Mercury is much less circular 
than that of the earth ; indeed, it is so strongly elliptical that 
in one part of the orbit the planet is fourteen million miles 
nearer the sun than when at the opposite point. On tins 
account, the intensity of solar radiation on the planet must 
change enormously during a revolution. If Mercury has 
a dense atmosphere, the blaze of sunlight must be softened 
in traversing it, as it is with us, but the evidence so far ul>- 
tained indicates that the envelope is not so dense as that 
which surrounds the earth. 

No conspicuous markings are visible upon the surface of 
Mercury, so the character of the planet cannot be road with 
any degree of certainty. By observing the movements of 
spots upon the face of a planet, the time of rotation in ob- 
tained, as in the case of the sun, The indistinctness* of 
the markings on Mercury renders the determination uf 
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his rotation period difficult. In 1889, a well-known Italian 
observer, Schiaparelli, announced that Mercury has always 
the same hemisphere turned towards the sun,- like the 
moon to the earth, in which case both rotation and., 
revolution are accomplished in eighly-eight days. Other 
astronomers claim that the planet rotates in about twenty- 
four hours, and the question is still sub judice . 

That beautiful gem of the sky — the planet Venus — has 
attracted the attention of all. When visible near Christmas 
time, this peerless planet has been apostrophised as the “ Star 
of Bethlehem ” by many people, though there is no reason to 
believe that this was the object seen by the wise men of the 
East, 

Like Mercury and the moon, Venus is seen differently 
illuminated at different times, according as we view the 
bright surface from different aspects. Galileo was the first 
observer of these changes, and he notified the discovery in 
an anagram to Kepler, which read, 

“ Hacc immatura a mi jam frustra liqimter 

These letters, when reduced to their proper order, form 
the sentence, 

11 Cynthia jiguras lewulaiur mater amorttm? 

“ The mother 0/ the Loves rivals the phases of Cynthia.” 

That is, 

11 Venus imitates the phases of the moon? 

We cannot resist giving an extract from the letter in 
which Galileo gives Kepler an account of his observations, 
again using Mr, Carlos 1 translation.- ‘‘You must know,” 
wrote the originator of physical astronomy, " that about 
three months ago, when the star of Venus could be seen, I 
began to look at it through a telescope with great attention, 
so that I might grasp with my physical senses an idea 
which I was entertaining as certain. At first, then, you 
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must know the planet Venus appeared of a perfectly circular 
form, accurately so, and bounded by a distinct edge, lull 
very small; this figure Venus kept until it began In ap- 
proach its greatest distance from the sun, and, meanwhile, 
the apparent size of its orb kept on increasing, From that 
time it began to lose its round ness on Iho eastern side, 
which was turned away from the sun, and in a few days it 
contracted its visible portion into nn exact semicircle; 
that figure lasted without the smallest alteration until it 
began to turn towards the sun, when it leaves the tangent 
drawn to its epicycte. At this time it loses the semicircular 
form more and more, and keeps on diminishing that figure 
until its conjunction, when it will wane to a very thin cres 
cent. After completing its passage past the sun it will 
appear to us, at its appearance ns n morning star, ns only 
sickle-shaped, turning a very thin crescent away fmm the 


sun ; afterwards the crescent will fill up more and more 
until the planet reaches its greatest distance from the mm, 
in which position it will appear semicircular, and l hat 
figure wifi last for many days without appreciable variation, 
Then by degrees, from being semicircular it will change tu 
a full orb, and wilL keep that perfectly circular figure for 
several months; but at this instant the diameter of the orb 


of Venus is about five times as large as that which it showed 
at its first appearance as an evening 
“ From the observation of these wonderful phenomena wo 
are supplied with a determination most conclusive, and 
appealing to the evidence of our senses, of two very Ini- 
portant problems, which up to this day were discussed by 
he greatest intellects with different conclusions. One hi 
that he planets are bodies not self-luminous (If wo may 

Venulr Th 6ame aboUt Mercur y ^ wc do about 

)• he second is that we nre absolutely compelled to 
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Venus (and Mercury also) revolve round the sun, 

° 51 Iso nil the rest of the planets, A truth believed, 

ler, 

n °vv proved in the case of Venus and Mercury/’ 
follows from these facts that Venus must sometimes 
2 between the earth and the sun, and like Mercury be 
P l °jected upon the solar disc as a dark spot, These 
of Venus” have been observed, and arc important 
Lls& they furnish a means of determining the distance 
Le 3 Un from the earth, 

etl h 3 is so gloriously bright that the blemishes on her 
Ca ti hardly be distinguished. White patches have been 
by some observers round what are supposed to be the 
et ’ 3 poles, and it is possible that they are regions of ice 
snow such as exist round the earth’s poles. A number 
ilsk,y markings have also been detected. 

rotation period is still a moot point. Until 1889 
ls said to be about twenty-four hours, but Schiaparelli 
questioned the observations which assign this time of 
to the planch His scrutiny of the features of Venus 
led to the conclusion that the rotation takes place in 
days, this being also the period of revolution, round the 
According to this, portions of the surface of Venus 
1 Mercury also) are never exposed to sunlight. At 
lent, however, the balance of evidence favours the old 
od of about twenty-four hours. 

'here is no doubt that Venus has an atmosphere. The 
, ring of light seen round the planet, just previous to a 
sit, is clear evidence of its existence, The atmosphere 
>rob ably twice as dense as -our own. The spectroscope 
ws that one of its constituents is water— vapour, as, in. 
d, it also does in the case of Mercury. 


by the Pythagorean school, by Copernicus, and by 
but never proved by the evidence of our senses,- as 


F 
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Neither Mercury nor Venus commands the attention nor 
directs the motions of a satellite. 

An “opposition of Mars" occurred in August, 1892, 
and an unusual amount of interest was taken in il by the 
general public. When a superior planet, that is, a planet 
with its orbit outside the earth's orbit, is on the same side 
of the sun as the earth, and the three bodies are exactly in 
a line, it is due south at midnight, and is said to be in op- 
position. Now, planetary orbits are not concentric; if they 
'were, the distance of a planet at an opposition would always 
be the same. Mars deviates considerably from this uni- 
formity. If opposition occurs when he is at his greatest 


distance from the sun, the span of space between him anil 
the earth amounts to more than sixty millions of miles ; if, 
however, he is at his nearest approach when the earth comes 
between him and the sun, the distance from us to our ruddy 
brother may only be thirty-five million miles. When the 


latter conditions are approached the opposition is favour- 
able, for astronomers liave then the best opportunity of 
studying the planet. A favourable opposition occurred in 
August, 1892, and another will happen in 1894. 

Venus approaches the earth closer than any other planet, 
but, as has been remarked, the markings are very faint and 
indistinct, owing to the dense atmosphere which enshrouds 
er ‘ Mars is the next planet which approaches us within a 
reasonable distance, and he does so without the disadvan- 
tages which, accrue to an inferior planet like Mercury or 
enus. The result is that the features of the God of War 
have been delineated over and over again. The “scars 
and patches ^°n the face of Mars are of three kinds. 
reoresenH L ' S E ^ a< ^ e Predominate and are supposed to 
considered^ h S _ Ur a “ 3 ’ wh . lle re S ions of a greenish tinge nre 

water, Accepting these interpretations, it 
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will be seen that Mars lias more land than water, whereas 
on the earth, the reverse is the case. Round the Martian 
pole? arc white patches or ice-caps similar to those covering 
the polar regions of the earth. There is little doubt that 
these really represent masses of snow and ice; and for this 


South, 



North. 

Fig, 17.— A view of Mars, from n tlmwlng by Schiaparelli. 


reason. When it is summer in the northern hemisphere of 
Mnrs, the northern ice-cap contracts, owing doubtless to the 
melting of the icc \ find at the same time, the ice-covered 
region in the southern hemisphere increases in extent. 
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Conversely, during the southern summer, the southern ice- 
cap diminishes and the northern one increases in size. 

The above*described markings are observable by an 
ordinary astronomer using a telescope five or six inches in 
diameter. Markings of a temporary character somelimcs 
obscure parts of the planet's disc, and aic rcgaidecl as 
clouds, The atmosphere cannot be anything like as dense 
as the earth’s. In 1877, Schiaparelli, one of the most perspic- 
uous observers, detected a number of straight streaks cross- 
ing the land surface of Mars in all directions, and sometimes 
for thousands of miles, The streaks have received the un- 
fortunate appellation of “ canals/’ and this, of course, sug- 
gests that they have been formed artificially. “ Channels ” 
is a much more appropriate name. The astronomical world 
was again startled by Schiaparelli announcing that lie had 
seen some of the channels double. More than one ob- 
server has stoutly denied the existence of such markings as 
those mapped by the Milan astronomer. But on the whole, 
the usual and photographic observations made during the 
opposition of last year go to confirm Schiaparelli’s work, 
No one has mapped anything like the details given by this 
astronomer, but the existence, and even the doubling, of 
certain channels has been substantiated. The markings on 
Mars are permanent and definite, therefore the period of 
rotation can be accurately determined. It is found to be 
24 hours, 37 minutes, 22 seconds, The Martian day is 
thus only slightly longer than our own. By observing the 
paths pursued by the spots, the equator of Mars is found to 
be inclined to the plane of revolution, which is only two de- 
grees more than the inclination of the earth’s equator to 
the plane of the ecliptic, For this reason, the seasons on 
Mars are probably very similar to those of the earth, 

Mars has two satellites, first mentioned by Dean Swift, in 
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“Gulliver’s Travels,” published in 1726, When describing 
the works of the astronomers on the island of Laputa, 
Gulliver is made to say, “ They have likewise discovered two 
lesser stars or satellites, which revolve round Mars, whereof 
the innermost is distant from the centre of the primary 
planet exactly three of its diameters, and the outermost 
five ; the former revolves in the space of ten hours, and the 
latter in twenty-one and a half.” By a most remarkable 
coincidence, Swift not only guessed the number of the 
satellites correctly, but in causing one to move round the, 1 
primary in less time than the planet itself rotates, he pro- 
phesied what would be deemed impossible nt the present 
lime if it were not proven by actual facts, Professor Hall 
discovered the two satellites of Mars in 1877, Using the 
Washington telescope, having an object-glass, twenty-six 
inches in diameter. They arc two of the faintest bodies in 
our system, and can only be seen by acute observers with 
large telescopes, Phoboa and Dcimos are the names by 
which the satellites arc known. Phobos is less than four 
thousand miles from the surface of Mars, and makes more 
than three revolutions while the planet rotates once; Deimos 
is about three times farther removed from the surface, and 
takes thirty hours to perform a revolution. 

The distances of the planets from the sun are connected 
by a simple relation. If we write the series of numbers 
o, 3> 13, 2/j, 48, 96 (every number except the second 

being double that preceding it), and add 4 to each, the 
series 4, 7, to, i 6 , 28, 52, ioo, is obtained. For an ex- 
plained reason this series represents very closely the 
relative distances of planets from the sun. In fact, taking 
the distances of the earth ns unity, the comparative dis- 
tances of planets are, Mercury, 0*4; Venus, 07; Earth, ro; 
Mars, i"S ; , 2’8; Jupiter, 5*2; Saturn, 9-5. This 
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is known as B ode’s Law. When the law was published it 
was pointed out that the actual series of planetary dis- 
tances did not exactly correspond to the series arrived at 
numerically. No planet was known to revolve round the 
sun between Mars and Jupiter, so the number 2H was nut 
represented in actuality, All (he other numbers lit the 
planetary distances so nicely that astronomers at length 
concluded that a planet must exist to fill the gap in the 
series, and it only wanted discovering. A band of ob- 
servers, therefore, decided to search for the unknown body, 
But before the work had well begun, on the first night of this 
century, Piazzi, of Palermo, discovered a new planet, and 
named it Ceres. FurLher observations enabled the path of 
the new body to be calculated, and the distance from the 


sun was found to be very nearly 2*8 times the earth's 
distance. The vacancy would therefore seem to be filled, 
though by a body far smaller than any of the other 
members of our system. But a year later another small 
planet was discovered by Olbers, and named Pallas, its dis- 
tance being about the same as tint of Ceres. In 1804 and 
1807, two more were “picked up” as they strayed along 
t e ecliptic, and named Juno and Vesta. Enckc discovered 
the next in 184.5. Since then the list of “ minor planets ” 
r'-r* 5 ” haS been Readily growing, and the cry is, 
1 tl 1 ey come ‘” The number now known is 370, ns 
many as twenty-seven having been discovered in 1892. 

ittle is known about the asteroids, except th.it they are 
very small. The largest, Vesta, is just visible to the naked 
ej e, an 'as a diameter of less than three hundred miles, 

JF Pa aS ’ nnd JUU °' are P robQbl y ab o»t hnlf this 
event- • 6 r ^ st are extr eniely small, and quite invisible 
except in moderate-sized telescopes. 

The simplest theory of the origin of the asteroids is that 
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they arc parts of an exploded planet For reasons into 
which we cannot now enter, this theory is improbable. A 
better one is that the bodies represent the materials which 
would have formed a single planet had it not been 
“ spoiled in the making " by some disturbing influence. 

Jupiter, the giant planet, now claims our attention. 
With the exception of the minor planets, the bodies so far 
described are more or less like the earth ; they are there- 
fore termed “ terrestrial ” planets, From Jupiter outwards, 
however, we deal with quite a different class of bodies, all 
much larger than the terrestrial planets, and all less dense. 

On the 7U1 day of January, 1 6 io, Galileo discovered that 
Jupiter had a retinue of four satellites, which were to him 
what the moon is 
to the earth. “In 
tli is circumstance” 
argued he, “we 
have a notcable 
and splendid argu- 
ment to remove 
the scruples of 
those who can 
tolerate the re- 
volution of the 
planets round the 
sun in the Coper- 
n i can system, yet 
are so disturbed by the motion of our moon round the 
earth, while both accomplish an orbit of a year’s length 
about the sun, that they consider that this theory of the 
constitution of the universe must be upset as impossible ; 
for now we have not one planet only revolving about 
another, while both traverse a vast orbit about the sun, but 
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Pig. 18 — Uulilixi’s observations of the positions of 
Jupiter's satellites with respect to the plnnct from 
Jan, 7U1 to Jnn, 17th, i6to, 
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our sense of sight presents to us four satellites 
about Jupiter like the moon about the earth, while the 
whole system travels over a mighty orbit about the stni in 
the space of twelve years.” 

In 1892, nearly 283 years after Galileo’s observations, 
Prof. Barnard discovered a fifth body revolving round 
Jupiter at a less distance than the nearest of the oilier 
satellites. The instrument, by means of which the dis- 
covery was made, was the 3 0 -'mch of the Lick Observatory. 
The new body is so near to Jupiter tlmt it is almost 
smothered in the glare from his disc, and is therefore ex- 
tremely difficult to sec. 


Jupiter is covered with markings, the most conspicuous 
of which are dark bands running parallel to the planet’s 
equator, and known as “ belts.” Other spo:s and markings 
of a variety of tint are distributed over the surface, and 
make the planet a beautiful object in the telescope, 

Jupiter rotates once in about ten hours, that is, makes 
nearly two and a half turns in one of our days. A consu- 
quence of this extremely rapid rate of spin is a considerable 
po ar depression, The period is not determined, however, 

Tw is ? aCtneSS a9 ° btains t0 Mars > lh ° >'cnson being 

e spots are not permanent features on a solid surface 

Srr-r andvnpoi,rand 

which rapidly change in character. In 1878, a large '‘red 
and is X C °. nSP ’ CU0US in Ju P iter ’ s southern hemisphere, 
Let is n ° ““ ?" “ 1C P,ailet - "'hat the 

Tn der that 't° ne ^ Sa) ' Somc observe.* 

consider that it represents a part of the planet's solid sur 
, m C0Irec ° f v, p™'- If the forme, idon 

‘-r " rc prob “ w >- 

mces i [lie greyish tones may b«j 
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water, the changes of tint being produced by variations in 
the Jovian atmosphere. There is no doubt whatever that 
this atmosphere exists, and contains a large amount of 
vapour, which is condensed into clouds like those of the 

earth. Of « mighty rushing winds * there is also clear evi- 
' ilencc. 

At the distance of Jupiter, solnr radiation is twenty-seven 
limes less intense than nt the earth's distance, This amount 



l 1 W" tp.-- Inverted Lehscnpic view i jf Jupiter, from a drawing by Professor 
Thu snmll cMhc in the bottom riglU-lmnd corner shows the 
coiupiimlivu ske of tlio earth, 


is too small to produce the rapid and frequent changes which 
arc observed in the planet's appearance, hence it is inferred 
that it possesses a large amount of original heat, though it 
is not lo any appreciable extent incandescent. The low 
mean density of the planet, and the rapidity with which it 
rotates, gives Bupport to this idea, 

As to the physical condition of Jupiter we can only 
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speculate, A small solid nucleus may be surrounded by a 
very deep atmosphere, or, and this is more likely, a semi- 
fluid globe may be enveloped in dense clouds and vapour. 
It is certain that the changes observed are chiefly of un 
atmospheric character, and that some markings are below 
others, but "nobody knows ” whether the surface has been 
seen or not; indeed, it is doubtful whether any real surface 
exists at all. . 

Proceeding from the sun, Saturn is the next planet en- 
countered. To the naked eye this object at its best appears 
only like an ordinary star, but the telescope has revealed a 
fact which makes it one of the most interesting in the 
heavens, and by far the most remarkable member of our 
system. When Galileo first observed Saturn lie thought he 
could distinguish two small companions almost touching the 
surface of the planet, and made the announcement, "I have 
observed the most distant of the planets to have a triple fonu. 11 
As time went on the two attendants became smaller and 
smaller, and finally disappeared altogether. This worried 
the astronomer very considerably, for if he were mistaken on 
this point, all the observations he had made must be open to 
doubt. He pathetically remarks, 14 1 do not know whfit to 
say in a case so surprising, so unlocked for, and so novel, 
The shortness of the time, the unexpected nature of the 
event, the weakness of my understanding, and the fear of 
being mistaken, have greatly confounded me.” But Galileo's 
eyes had not deceived him. After n time what was ngnin 
supposed to be two small globes were seen to hold the 
planet between them. It was not until nearly half a century 
after Galileo's observation that the true nature of these ob- 
jects was revealed. Huyghens then showed that Saturn was 
surrounded by a ring-system. In the words of his announce- 
ment, The planet is surrounded by a slender flat ring 
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everywhere distinct from its surface, and inclined to the 
ecliptic." Cassini afterwards found that a dark line could 
he seen round the Hat of the ring. This is not merely a 
marking hut a separation between two concentric rings. 
Two hundred years later, in 1850, Professor Bond discovered 
a third ring nearer the planet than the others, and much 
more difficult to see, This is known as the “ crape-ring/ 
a happy term which expresses the fine texture observed. 



Fig. 20. — KiUurn In 1861, from n drawing by Wrrty. The two small 
bright »|x>ta are two of Saturn's satellites. 

Saturn travels round the sun with his flat rings inclined 
about twenty-eight degrees to the plane of the earth’s orbit. 
The result is that we sometimes see the northern side of 
tlio ring and sometimes the southern. Once in about 
fifteen years the plane of the rings passes through the sun, 
and ohly the edge facing the sun is then lit up. It was 
owing to these changes in the amount of illuminated surface 
visible that Galileo’s “.globes ” disappeared, for they were not 
globes at all but the rings, Good telescopes then show 
what looks like two spikes, one on either side of the planet, 
The spikes are seen to be irregular in thickness, thus show- 
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ing that ihe rings are not uniform .shoots, To imdrislaml 
the cause of the phases through which the rings pans, tin? 
student is recommended to place a lamp upon a table, ami 
walk round it while a friend carries round a plain inclined 
to the level of the table, and always in the same direction. 
According to the relative positions of the student stud hi?; 
friend, the plate is sometimes viewed edgeways, suinclimi.H 
squarely, and sometimes obliquely, just as is the case xvilli 
Saturn. 

The outer ring of Saturn has a diameter of about 1 70,000 
miles, and the average thickness is less limn 100 miles. 
Hence, even if the bright rings were solid concentric sheets 
of the strongest material with which we are acquainted, then 
vast extent nnd insignificant thickness would make them 
very flimsy, nnd comparable to a sheet of writing paper 
round a large globe. 13 ut solid rings could not exist round 
a globe of Saturn's dimensions, and a liquid ring would 
soon be broken up. The only form in which nmlhcma 
ticians will allow the rings to exist is hy being composed of 
innumerable particles revolving round the planet like the 
asteroids round the sun. It can be proved that each 
member of a swarm of solid particles would bocuusul In 
revolve round Saturn in the plane of the equator, just a?* 
the rings are observed to do. 


Saturn is distinguished in other ways in addition to Iiih 
marvellous rings. He Imb the least mean density of any of 
the planets; indeed, he only weighs as much as a globe of 
walnut-wood of the same si/e, and would therefore actually 
oat in water. The polar flattening is greater than tiny 
other planet. This follows as a consequence of the low 
density and the high velocity of rotation (about 10I hours), 
Cloud-belts similar to the belts of Jupiter are seen, nnd the 
tarkings undergo changes, but not in the "fust mid 
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furious” manner observed on Jupiter. Another fact which 
singles Saturn out from the other members of the sun’s 
family is that he has the largest number of attendants, 
namely, eight. 

We have come to the end of the planets known to the 
ancients. The date of their discovery is anterior to any 
times of which we have any historic record. The first 
planet added to the list was found by Sir William ITerschcl 
in r 78 r. It is just visible lo the naked eye at times, but 
not bright enough to attract any attention. Herschcl was 
“searching the skies” when a si range-looking star attracted 
his attention, and after watching it for some time under 
different conditions, he decided that it was a comet. An 
announcement of the discovery was made, and other as- 
tronomers observed the object. It was soon found, how- 
ever, that the body did not move in a cometary path, and 
the conviction was gradually forced upon astronomers that 
it was a new planet Such a thing had never been heard of 
before, for every astronomer had looked upon Mercury and 
Saturn as representing the Alpha and the Omega of the 
solar system, The name of Uranus was given to the planet, 
and when its orbit had been properly calculated, the mean 
distance from the sun was round to be nineteen times the 
earth's distance, which agreed very well with the number 
given by Node's law. 

Very little is definitely known about Uranus. His mean 
density is about the same ns the sun and Jupiter, that is, 
rather more than the density of water. The physical con- 
dition is probably similar to that of Jupiter and Saturn, and 
there is clear evidence that the planet possesses inherent or 
original heat, Owing to the. indistinctness of the markings 
on the planet's surface, tho period of rotation has not been 
obtained. Faint belts have been glimpsed by some ob- 
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servers, find from their direction the position of the eqiinlor 
lias been estimated. The poles must, of course, be tit right 
angles to this position: Hut observations of polar com- 
pression locate ihe poles in quite a difkrent position to that 
indicated by the cloud-belts, both cannot be right, anil 
since the markings are excessively faint, it is probable lliat 
the direction deduced from measures of the llaUciiiug is 
correct. 

Uranus has four satellites revolving round him in nearly 
circular orbiis, and probably in the plane of the equator. 
The plane of the orbits is inclined about eighty degrees l« 
the ecliptic, hcncc the satellites are seen almost nl right 
angles to the ecliptic, instead of lying nearly in it, like those 
of the planets already described. More remarkable still is 
the fact that the direction in which the satellites move is 
the reverse of that possessed by all the planets and by ihc 
satellites to which reference has been made. 

Uranus had been assigned a place and name, and lit: was 
expected to behave like a respectable planet. Cnlculalituis 
were made on the assumption that he would do so, :tml 
the places he ought to occupy at particular dales were pre- 
dicted. But astronomers were doomed to disnppointiiurnl. 
Uranus was never to be found in exactly the proper plat e ; 
he was misguided by some unknown influence. » 

In 1845, deviation from the path of rectitude bad 
become so great tlmt astronomers all agreed that something 
must be -done to find the body which had Uranus under 
its control, Science, and especially the science of 
astronomy, is nothing, if not exact. The amount by which 
the real position of Uranus differed from the calculated 
position would be considered by most people ns far loo 
small to make a fuss about, A halfpenny viewed at a 
distance of fifty feet would cover the difference between ihe 
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two points. Two astronomers set to work to calculate the 
position of the disturbing body. One. was a young and 
then unknown Englishman named Adams ; the other was 
a brilliant French mathematician, Leverrier. Each 
worker independently found where the controlling planet 
ought to be, and each communicated his results to an 
observer. Adams laboured under the double misfortune of 
being young and of having no locus siandi in the astron- 
omical world. The result was that his calculations were 
hardly regarded seriously. Leverrier finished his investiga- 
tion after Adams, and sent to Dr. Galle, telling him where to 
look for the body which bad been felt, but not seen. On 
the very night (September 23rd, 1846), and in less than 
half an hour after the search was commenced, the new 
planet was found close to the predicted place. 

This planet is known by the name of Neptune. Unlike 
the rest of the planets, its distance from the sun does not con- 
form to Bode’s law, At 30 times the earth’s distance, 
Neptune journeys round the sun, whereas Bode’s series 
previously mentioned (p. 85) would make the number 38. 

Next to Saturn, Neptune is the least dense of the planets, 
The period of rotation cannot be determined, owing to the 
absence of visible markings, In all probability the planet 
possesses inherent heat, and is in a similar vaporous con- 
dition to Jupiter, Saturn, and Uranus. One satellite has 
been found revolving round Neptune, its distance being 
about the same as that of Mars from the earth. The 
orbit is inclined considerably to the ecliptic, and in it 
the satellite moves in the same retrograde fashion as the 

Uranian satellites. ( 

Such are the general characters of the members of the 

system ruled over by the sun. 

The question of the habitability of the planets and 
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satellites is full of interest, but, unfortunately, wc have no 
evidence upon the matter.. It is hardly possible to con- 
ceive of life upon the sun, find certainly not life as we know 
it. Where iron and other metals are dissipated into vapour 
as easily as water upon the earth, terrestrial organisms 
could not exist A lunar residence docs not offer many 
advantages. Those who long for a quiet life would attain 
their desire upon our satellite, for, in the absence of an 
atmosphere no sound could be heard. Hut the climate is far 
from being equable, owing to the considerable range of tem- 
perature. Someone has fantastically suggested that the inha- 
bitants of the moon do not live upon the surface, but have 
burrowed towards the centre where warmer regions prevail. 
It is, of course, not impossible that a race should be created 
specially fitted to live upon the moon, To obtain informa- 
tion upon this point, it was proposed some years ago lo 
erect immense triangles or circles upon plains or desert 
places of the earth. If there arc lunarians, and they 
possess telescopes, our geometrical figures might be seen 
and replied to by setting up similar figures upon their own 
globe. Venus and Mars offer residences more congenial 
to us than the sun or moon. The former planet has an 
atmosphere rather denser than that of the earth, and there 
is very little difference between the sizes of the two globes. 
Though the intensity of solar radiations at Venus is about 
twice that received by the earth, the dehse atmosphere 
would modify it very considerably. Indeed, so far ns one 
can tell, many, if not most parts of Venus could be in- 
habited by human beings, 

During the opposition of Mars in. 1892, a large amount 
of interest was manifested in the question as to whether the 
planet is peopled or not. In many respects Mars Is very 
similar to the earth, His day is about the same length, 
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and the seasonal differences are alike. We see markings 
supposed to be water, and others interpreted as land ; 
hence it seems as if our ruddy brother offered “desirable 
residences ” to terrestrial beings. On the other hand, 
though Mars has an atmosphere in which water vapour is 
present, it is nothing like so dense as that of the earth. 
An astronomer on Mars would most probably be unable to 
see any of the features on the surface of the earth, owing to 
the vaporous envelope which surrounds us, whereas it is 
only rarely that clouds obscure any portion of the Martian 
surface. Various projects of signalling to Mars have been 
suggested, but it is not likely that any of them will be 
carried into effect for n number of years. If there are 
Martian people they must watch our earth with great 
interest, and probably point to it as the abode of love and 
peace, for it must be a beautiful object in their sky. When 
we see Mars at his best, however, the earth is invisible to 
the Martians. With the exception of Mercury, none of 
the remaining planets are in what wc consider a fit condition 
of habitation, for each very probably consists of dense 
vapours surrounding a semi-fluid nucleus, and devoid of a 
crust like that of the earth. 
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CHAPTER VI. 


COMETS AND SHOOTING STARS, 


The sun and moon, and planets, are what may be termed 
well-behaved celestial bodies. They do nothing abruptly. 
The sun can be confidently expected to rise to-morrow 
morning and present his usual appearance; we have faith 
that the moon will wax and wane in the future as she has 
done in the past, and that the planets will be found in their 
appointed places for many years to come. The regularity 
of these returns was observed long before the laws which 
govern them had been worked out, and men saw no 
cause to fear the bodies which conducted themselves hi 
this " highly respectable ” manner. Comets, on the other 
hand, have such rapid and apparently "erratic motions that 
they have at all times struck terror into the hearts of 


people. They appear in the sky without harbingers of any 
kind , “ shake their horrid hair” over the earth ns they in- 
crease in brilliancy and magnitude, and apparently threaten 
the world with evil. Even in this enlightened century, great 
comets are viewed with feelings of awe and anxiety. No 
won er, then, that in earlier days the appearance of a comet 
*as regarded as a manifestation of divine wrath, and in the 
object naelf heated imaginations saw forms of javelins and 
swords, dragons and demons, and burning flames. 


TOO 


COMETS AND SHOOTING STARS, IOI 

Many of the six or seven hundred comets recorded in 
historic time are associated by ancient chroniclers with 
terrestrial affairs. Shortly after the murder of Ccesar, a 
comet was seen, which the Romans imagined represented 
him deified, The immortal bard expresses the connection 
between the two events in the lines: — 


" When beggars die, there arc no comets seen j 
Tho heavens themselves bln*c forth Uic death of primus,” 


Josephus records that a comet hung over Jerusalem 
while the city was being besieged by Titus, and "in it,” 
says Pliny, “ one may see the image of God in human form." 
An interesting comet also appeared in 1066, It was re- 
garded as a presage of the conquest of England by William 
of Normandy, and is figured in the Bayeaux tapestry, 

A remarkable comet appeared in 1680, that is, just after 
the discovery of the law of gravitation, Newton had found 
that the motions of the known members of the solar system 
were completely accounted for by this universal law of 
attraction. The planets travel in elliptic orbits round the 
nun. True, the ellipses are of' comparatively small 
eccentricity, that is, they only differ slightly from circles, 
but Newton proved that this form of orbit followed as a 
necessary consequence of the law of gravitation. He argued 
that since the law enn explain one kind of elliptical motion, 
it ought to be applicable to ellipses of any eccentricity. A 
word of explanation is here necessary, 

A method of drawing an ellipse is illustrated in the 
accompanying figure. When the two pins are close together, 
the figuro traced out by the pencil held in the loop of thread 
is hardly distinguishable from a circle. By increasing the 
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distance between the pins, ellipses of a more and more 
elongated form are produced, and if it were possible to 
place one of the pins at an infinite distance from the other, 
the beautiful geometrical figure known as parabola could be 
drawn. Hence, there is every gradation between an ellipse 
in which the two foci very nearly coincide, nnd a parabola 
in which the foci are separated by an infinite distance. Wo 
know that a body moving in an elliptical path traverses the 
track over and over again. A body moving in a parabolic 
orbit round the sun must behave very differently. It comes 
from outer space, swings round the sun in the focus of Lhe 
curve, and then goes off never to return, for it can never get 
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from which the form of the path could he determined. 
When the calculations were completed, the path was found 
to be a parabola, and the line connecting the comet to the 
sun described equal areas in equal times, just as the most 
dignified planet. The apparently adventitious motions of 
comets were thus found to be reducible to law and order, 
and the decline of the superstitious dread in which the 
objects had been held began with Newton’s discovery. 
Since that day two hundred or more comets have been 
found to move in parabolic paths. Whence they come and 
whither they go no man knows. In far-off regions of space 
the sun’s influence is felt. A comet is beckoned by the 
authoritative call and obeys. It begins the journey to our 
system, moving tardily at first, but slowly nnd surely in- 
creasing its speed. A year, ten years, or it may be a 
hundred years, pass before the traveller comes in sight. 
With terrible rapidity it shoots round the mighty globe to 
which it lias come to pay obeisance, and then away, away, 
away into the darkness of infinite space it goes, and is lost 
to us for ever. To use the simile employed by one of 
King Edwin’s men to the life of a man, “ It is as a sparrow’s 
flight through the hall when you arc sitting at meat in 
winter-tide, with the warm fire lighted on the hearth, but 
the icy rain storm without The sparrow flics in at one 
door, and tarries for a moment in tho light and heat of the 
hearth fire, and then flying forth from tho other vanishes into 
the wintry darkness whence it came.” 

But there arc comets which call upon us' periodically ns 
well as those which pay 11s single flying visits. This fact 
was discovered by the English astronomer, Ilallcy, in 1682. 
An examination of old records led him to conclude that 
the same comet had appeared after a certain interval of 
lime ; that, in fact, there were comets with elliptical, ns well 
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as comets with parabolic orbits. He showed that a comet 
of 1682 and one of 1607 were identical, and a relation 
appeared to exist between them and a comet of 1531* 
From this Halley inferred that the three objects were 
one and the same body travelling round the sun in a 
period of about seventy-six years. If that were ro, the 
comet should return in 1759, and the astronomer confidently 
predicted its reappearance. The prophecy was fulfilled. 
Halley's comet made the long-expected call, and by so 
doing showed that its motions were controlled by the same 
“secret, strong, attractive force" ns that which binds the 
planets. The only difference, then, between the path of a 
comet of this character and that of a planet is in the form 
of the ellipse. The comet’s ellipse is very elongated — the 
foci are separated by a considerable distance — \vherens in 


a planetary ellipse the foci are comparatively near together. 
In each case, however, the sun is situated in a focus of the 
ellipse, and from this it follows that the comet's greatest 
and least distances from the sun are enormously different. 
Mercury has the most eccentric orbit of the planets, the 
difference between his greatest and least distances amounting 
to 15 million miles. Halley’s comet is 56 million miles 
distant from the sun at its point of nearest approach, and 
3,200 million miles away when at the opposile end of its 
orbit. The difference between the greatest and least dis- 
tances is thus 3,144 million miles. By an examination of 
old records, Dr. Hind was able to trace Halley’s comet back 
even years before the commencement of our era. The 
comet of ,o66, which Duke William interpreted ns a sign 

bid C as C Zt g wh d0 rS , u° fSaXOn -s the same 

will return again Tn ^ i,1Vesti S ated - II 

<819 a comet was found by Encke to move in an el lip- 
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ticnl orbit, that is, in a closed curve. Halley’s comet comes 
like an illustrious foreigner, in pomp and splendour, but its 
visits are “ few and far between.” Encke’s comet is modest 
both in its 
tour and ap- 
pearancc. It 
makes a call 
upon the sun 
once in three 
and one- 
quarterycars, 
but without 
pretentious 
display, In- 
deed, it is Fig. 23, — Encko’s Comet in 1891. 

usually invisible to the naked eye, even at its brightest. 
The comet is 32 million miles from the sun at the point 
of nearest approach, and 1ms a distance of 387 million miles 
when most removed from our luminary. Jupiter’s distance 
is 483 millions of miles, so the comet’s orbit is inside that 
of the giant planet. 

An interesting fact connected with Enckc’s comet is that 
its period is gradually decreasing, being three daj-B less nt 
the present time than it was when the periodicity was dis- 
covered. There must be a reason for this, and the theory 
suggested by Enckc is that the comet lias to pass through 
something round the sun— probably an extension of the 
solar atmosphero— which tends to retard its motion. This 
resistance causes the comet to describe a smaller path. 
The period of revolution is therefore diminished, and we 
thus get the paradoxical result of a bodyappcaring to move 
faster in consequence of something trying to stop it. 

Comets admit of being classified according to their orbits, 
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First there are those which move in parabolas, and rush 
■ away after 

^ _ taking a rapid 

\ \ glance at our 

~~ 7 ^ 0 \ \ \ part of the 

f f ( n\ \ \ universe, 
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\X/ y / curves of this 

kind. Next 
we have the 

Fig. 23,— F. to a focus of each of ihe figures; x, 1, a COllietS which 
circle ; 2, 2, an ellipse; 3, 3, an ellipse of large run down aild 
eccentricity ; 4, 4, a parabola. say, “How 

d’ye do ” to the sun once in a few centuries — -comets of long 
period. Forty cornels, more or less, belong to this class. 
In addition, there are something like twenty comet9 which 
move round the sun once in less than ten years, and arc 
known as comets of short period. 

Parabolic comets behave like excursionists to the solar 
system. They come out of all parts of space, and some 
travel round the sun in a right-handed fashion, while others 
have a left-handed direction of motion, like the planets. 
With a few exceptions, all the comets having elliptical 
orbits move in the latter direction, in this uniformity differ- 
ing from the indiscriminate motions of their parabolic 
brethren. 

There is very little doubt that all periodic comets ore 
immigrants to the solar system from outer space, and not 
natives like the planets Attracted ’ by our little family, 
they swoop towards us in beautiful parabolas, but with no 
intention at all of staying. Occasionally, however, one of 
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the major planets happens to be near the line of travel as 
the celestial visitor hurries along it. When the two bodies 
arc so situated that the comet is held back slightly by the 
attraction of the planet, the parabolic orbit becomes trans- 
formed into an elliptical one. The. vagabond is thus made 
a prisoner, having been captured by a planet, and instead 
of flitting away into realms unknown, it is forced tb march 
along a certain track and report itself periodically for the 
delectation of astronomer^. Though, on the average, only 
throe or four brilliant comets appear in a century, many 
more are observed telescopically ; indeed, scarcely a year 
passes without half a dozen being discovered. A telos- 
eopic comet has tho appearance of a small patch of mist in 
tho sky, and cannot be distinguished from one of a large 
class of celestial bodies known as nebulas. It is impossible 
to say from the first observation whether the object will 
become prominent or not. In general, a slight brightening 
near the centre is observed as the comet approaches the 
sun, a only that, and nothing more.” A comet born to be- 
come famous soon distinguishes itself, however, from the 
commonality. The brightening near the centre becomes 
concentrated to n star-like nucleus, from which luminous 
jets Arc shot out towards the sun. By the time this kind 
Of action commences, the comet is usually to be seen with 
tho naked eye. Luminous envelopes are shed by the comet 
on the same side as the jets, and both jets and envelopes 
nro driven back as if repelled by the sun, and go to form 
what people erroneously consider to be the characteristic 
of all comets, namely, the tail. The order of these changes 
varies somewhat, for no two comets behave exactly alike. 
The most remarkable circumstance is the strong repulsion of 
the material of which the jets and envelopes are composed 
to form the comet’s tail. It results from this that the tail 
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d’ye do ” to the sun once in a few centuries — comets of long 
period. Forty cornels, more or less, belong to this class. 
In addition, there are something like twenty comets which 
move round the sun once in less than ten years, and are 
known as comets of short period. 

Parabolic comets behave like excursionists to the solar 
system. They come out of all parts of space, and some 
travel round the sun in a right-handed fashion, while others 
have a left-handed direction of motion, like the planets. 
With a few exceptions, all the comets having elliptical 
orbits move in the latter direction, in this uniformity differ- 
ing from the indiscriminate motions of their parabolic 


brethren. 

There is very liftle doubt that all periodic comets are 
immigrants to the solar system from outer space, and not 
natives like the planets, Attracted ' by our little family, 
they swoop towards us in beautiful parabolas, but with no 
intention at all of staying, Occasionally, however, one of 
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the major planets happens lo bo near the line of travel as 
the celestial visitor hurries along it, When the two bodies 
are so situated that the comet is held back slightly by the 
attraction of the planet, the parabolic orbit becomes trans- 
formed into an elliptical one. The vagabond is thus made 
a prisoner, having been captured by a planet, and instead 
of flitting away into realms unknown, it is forced to march 
along n certain track and report itself periodically for the 
delectation of astronomers, Though; on the average, only 
three or four brilliant comets appear in a century, many 
more are observed telescopically ; indeed, scarcely a year 
passes without half a dozen being discovered. A teles- 
copic comet lias the appearance of a small patch of mist in 
the sky, and cannot be distinguished from one of a large 
class of celestial bodies known ns nebula). It is impossible 
to say from the lirsl observation whether the object will 
become prominent or not. In general, n slight brightening 
near the centre is observed as the comet approaches tho 
min, « only that, and nothing more.” A comet born to be- 
come famous soon distinguishes itself, however^ from the 
commonality. The brightening near the centre becomes 
concentrated to a star-like nucleus, from which luminous 
jets arc shot out towards the sun. by the lime this kind 
of action commences, the comet is usually lo be seen with 
the naked eye. Luminous envelopes are shed by the comet 
on the same side as the jets, and both jets and envelopes 
are driven back as if repelled by the sun, and go to form 
what people erroneously consider to be the characteristic 
of all coined, namely, the tail. 1 be order of these changes 
varies somewhat, for no two comets behave exactly alike. 
The most remarkable circumstance is the strong repulsion of 
the material of which the jets and envelopes are composed 
to form the comet’s tail. It rotmUa from this that the tail 
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is pointed away from the sun no matter what position the 
comet occupies in its orbit, When the sun is being ap- 



Fig. 24.— 1 " The tail Is pointed away from the sun no matter what position 
the comet occupies In its orbit,” 


proached, the tail follows the head, but when the comet is 
receding, the tail goes first. 

The splendid comet which appeared in 1858, and was 
discovered by Donati of Florence, exhibited a striking series 
of changes. From a small patch of nebulosity it grew until 
the head was a quarter of a million miles in diameter. 
Seven concentric envelopes were at one time seen to enfold 
the nucleus on the sunward side nnd to bend back in 
beautiful sweeps to form the tails, The most conspicuous 
tail was curved like a scimitar, and in October, 1858, it had 
a length of more than fifty million miles. At a short dis- 
tance in front of the convex side two faint streaks were 
visible, extending straight out from the nucleus to even ti 
greater distance than the tail, which was such a marked 
feature of the comet, 
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Professor Bredichin of Moscow has made a very exhaus- 
tive investigation of comets tails and the causes which pro- 
duce thein. He classifies the tails into three types, namely, 
the straight, plume-like, and stubby. There can be little 
doubt that the material of the jets and envelopes are re- 
pelled by the sun to form all kinds of tails, but we can only 



Pig. 35.— "Thohcad of Ihc splendid comet which Appeared In 1858 exhibited 
a striking seric3 of changes.’ 


speculate as to the nature of the repelling force. Professor 
Bredichin’s investigation has led him to conclude that the 
tails of comets which point straight away from the sun are 
composed of hydrogen. This element, among others, is 
emitted from the nucleus ; it tends to obey the behest of 
gravitation and fall towards the sun> but the sun drives it 
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back with a force about twelve times greater than the attrac- 
tive power, bo away it goes into space like an arrow from a 
bow. The two straight streaks observed in !>unaii'?i coma 
probably represented the edges of a tail of this rhnrurier. 
For the substances in the plumc-likc tails the repelling force 
is less than twice as strong ns the gravitational attraction, 
hence they are not driven hack so forcibly as llie hydrogen, 
The vapours of hydrocarbons are probably the constituents 
of this type of tail, The conspicuous tail of Donali’s comet 
is a perfect example of this form. The materials of which 
the short, strongly-bent, or stubby tails are composed are 
only repelled by a force about one fifth as strong an the 
force of attraction. They possibly consist of the vapour of 
iron and similar heavy substances, 

Many comets attain enormous dimensions. The great 
comet of 181 1 grew until its head was more than one 
million miles in diameter, and its tail of one hundred 
million miles long had ft breadth at the end of Jilhnm 
million miles. . In spite of this great show, however, comets 
are not weighty bodies. One hundred thousand of the 
largest comets ever observed would not weigh as much as 
the earth. In 1776, a comet passed Jupiter at a distance 
less than his outermost satellite, without affecting the 
motions of the satellites in the slightest degree. The 
comet itself, however, paid for its daring approach to the 
giant planet, for its orbit was considerably altered. Since 
the volume or bulk of a comet is so great, and die mass of 
the whole object is so insignificantly small, the mean 
ensity must be less than anything of which we have any 
conception. Suppose we could take a comet, head, tail, 
and all, and put it in one pan of a balance, and we could 
carve out from the air which surrounds us an object of ihe 
Bame size to put in the other pan, we should find that our 
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nerinl body weighed four or five thousand times more than 
the con^et. This does not show, however, that comets are 
nothing but gases in a state of extreme tenuity. The head 
may be, and very probably is, composed of a large number 
of small but solid bodies; nevertheless, when the comet is 
taken in its entirely, the mean density is extremely low. A 
convincing demonstration of this spiritual texture is afforded 
by the fact that stars suffer no change of place or brilliancy 
when a comet passes in front of them. In 1861, the earth 
passed through the tail of a comet, and the only result 
noticed by the most observant was tlmt the sky seemed 
tinged with a peculiar light. There is little doubt tlmt the 
earth lias also passed through the head of a comet. The 
history of this event is as follows. In 1826, Biela found 
that a comet he had observed revolved round the sun in a 
period of about six years and seven months. The comet 
returned in due course, and its periodic character was 
established. In 1845, however, the comet split into two 
parts, and at the next return, in 1852, the twins were again 
seen, but the distance between them had increased. The 
split must have marked the beginning of an litter disintegra- 
tion, for the comet has not since been seen, though it has 
been carefully looked for. But this is not the whole of the 
story. At the end of November in 1872, and 1885, and 
1893, beautiful showers of shooting stars were seen when 
the earth was near the place which the comet would have 
occupied had it lived and walked in the path allotted to it. 
This led to the conclusion that the earth passed through the 
comet on these dates, and that the shooling stars repre- 
sented its fragments rendered luminous, and dissipated into 
vapour as they entered the earth’s atmosphere. 

The spectroscope shows that comets are, to a very large 
extent, self-luminous, and that the constituents which mani- 
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fest themselves in the most decided manner are carbon and 
its compounds. This fact is not without interest, for all 
animal and vegetable substances coutain carbon in rouio 
form or other. It must not for a moment be supposed, 
however, that astronomers of the present day believe 
comets to be the abode of life because carbon exists in 
them. Comets are subjected to such extremes of tempera- 
ture that life upon them would be far from pleasant. One 
old astronomer said that they could not be abodes of hap- 
piness, but 41 places of punishment for the wicked, who were 
alternately wheeled into regions of intolerable heat and after- 
wards exposed to all the regions of the most intense cold, 11 

Prof, Lockyer has collected all the spectroscopic obser- 
vations' that have been made of comets and investigated 
them. He finds that though the characteristic spectrum of 
a comet is the same as that given by the blue part of a 
candle flame, and is therefore chiefly due to hydrocarbon 
gases, a number of small differences occur as a comet 
increases and decreases in temperature. Comets which 
approach very near to the sun exhibit the fact in this 
spectra, while those at a great distance report that their 
temperature is low. 

Who has not been startled when looking on the sky at 
night by seeing a shooting-star ? A point of light glances 
across the sky, leaving aluminous trail which hangs in the 
heavens for a few seconds and then disappears. To all 
appearances a star has fallen from its place in the celestial 
vault, but as a matter of fact this is not so. The word star 
applied to the point which sparkles and dies is a libel upon 
the mighty suns fervidly shining in infinite space. Shooting- 
stars are small particles of matter revolving round the sun 
j e the earth. Our globe is constantly plunging into these 
specks of cosmic dust and attracting them towards itself 
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The consequence is that they enter our atmosphere with an 
average velocity of thirty miles a second, A rifle bullet 
becomes hot in passing through the air though its velocity 
is far less Ilian this. It can easily be understood, then, 
tlmt a particle which enters the earth's atmosphere at the 
terrific speed of thirty mile 3 a second, must become very 
hot by friction against it. In fact, the heat developed ia 
sufficient to melt and vapourise the solid particle, and its 
dissipation in this manner produces the phenomenon of a 
“ shooting-star.” 

Observations indicate that space is filled with fragments 
nf this kind. Dr. Schmidt, observing in the clear sky of 
Athens, found that the average number of shooting-stars 
seen by one observer between twelve and one o’clock on a 
clear, moonless night, is fourteen. Six observers would be 
required to include the whole of the sky above the Athens 
horizon in their view, and about sixty thousand to take in 
all parts of our aerial envelope. Hence, the average hourly 
number of shooting-stars which would be seen if observers 
could bo distributed nil over the earth, is fourteen times 
sixty thousand, that is eighty-four thousand. In twenty- 
four hours, therefore, the number of particles which enter 
the earth’s atmosphere is about twenty millions, and each is 
capable of producing the phenomenon of a shooting-star. 
In addition, there are shooting-stars too faint to be seen by 
the naked eye, but visible in telescopes. Including these in 
the estimate, we have the astonishing fact that something 
like 400 millions of solid particles rain down upon the 
earth and arc consumed in the atmosphere daily. Prof. 
Newton, of New Haven, is the authority on these matters, 
and he estimates that each particle is about two hundred 
and fifty miles from its neighbours. 

When two or more observers see the same shooting-star 

it 
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from dilTerent places, and notice the length and direction nf 
the trail, the height at which the particle commenced to he 
:• luminous and that at which it was entirely burnt up can bo 

| calculated. The average height at which luminosity com- 

mences is about seventy-six miles, and extinction occurs ut 
■ a height of about fifty-four miles. 

Closely allied to shooting-stars are the brilliant meteois 
or fire-balls occasionally seen. The difference between the 
• two classes of bodies is very probably only 011c of size, for 

both owe this luminosity to friction against the earth* 
j atmosphere. Fire-balls being larger portions of mutter 

than shooting-stars, present a larger surface to the atmos- 
pheric brake,' and, as a result, become luminous at a 
greater height above the solid ground. They arc also not 
consumed so readily, the average height at which all the 

I material is dissipated into vapour being thirty miles. Some 

i 
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surface before sufficient heat has been developed to drive 
them entirely into vapour, and with n roar they hurl them- 
selves down, spreading consternation in the districts where 
they fall. 1 hese celestial missiles which fulfil their original 
intention of striking the ground are known as “ meteorites, 11 
lhere are a number of well-authenticated records of such 
falls from heaven, though it was not until the beginning 
of this century that their celestial origin was believed in. 

In the tenth chapter of Joshua we read, “The Lord cast 
down great stones from heaven,” and, if this refers to a fall of 
mcteoiites, it is the earliest record of such an occurrence. 
Livy mentions a fall of meteorites which took place 
about 650 D.c. In the words of this Roman historian, 
" N cw s brought to the king and the fathers that it had 
rained stones on the Alban Mount, Wherefore, though it 
seemed scarcely credible, when men were sent to observe the 
portent, stones fell thickly from heaven in their sight." The 
fall was accompanied by a “mighty noise," which was in- 
terpicted as a manifestation of the displeasure of the gods, 
so a nine days’ solemn festival was held. Other falls from 
the sky are mentioned by early writers, and many of the 
stones were worshipped as “ holy things fallen from heaven." 
The oldest undoubted meteorite now in existence is sus- 
pended by a chain in the parish church of Ensisheim in 
Alsace. The excellent guide to the meteorites in the 
Natural History section of the British Museum contains the 
following account of the meteorite at Ensisheim, being a 
translated extract from a document kept in the church. 
“On the 19th of November, 1492, a singular miracle 
happened ; for between eleven and twelve in the forenoon, 
with a loud crash of thunder and a prolonged noise heard 
afar off, there fell in the town of Ensisheim a stone weighing 
260 pounds. It was seen by a child to strike the ground 
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in a field new the canton called (lisgnud, when? it made a 
hole more than five feet deep. It was taken In the church 
as being a miraculous object, The noise was heard so dis- 
tinctly at Lucerne, Villing, and many other places, that in 
each of them it was thought that some houses had fallen. 
King Maximilian, who wan then at Knsishciin, had the stone 
carried to the ensile; after breaking off two pieces, one for 
the Duke Siglsmund of Austria, and the other tor himself, 
he forbade further damage, and ordered llm atone to be 
suspended in the parish church,” 

The largest mass in the collection of the lirilish Museum 
weighs about three and a half Ions, and was found at l 'ran* 
bourne in Australia about iHg.p 
The chemical elements most frequently found in 
meteorites are, in the order of plenitude, iron, nickel, 
phosphorus, sulphur, carbon, oxygen, silicon, magnesium, 
calcium, and aluminium, while those less Ircqncul 
or plentiful are, hydrogen, nitrogen, chlorine, lithium, 
sodium, polnflium, strontium, titanium, chromium, mam 
ganesc, cobalt, arsenic, antimony, tin, and copper. There 
are three forms in which carbon occurs on the earth, repre- 
sented respectively by lamp-black, black-lead, and diamond, 
and each has been formed in meteorites. Usually carbon 
occurs in one of its compound forms, and Hoinetimes In 
forms which would be taken as nu indication of animal or 
vegetable existence if found upon the earth, The iron of 
meteorites usually occurs alloyed with nickel, ami is never 
found alone. Though no new element 1ms been discovered 
in meteorites, many combinations, entirely unknown in the 
crust of the earth, occur in them, 

Meteorites arc conveniently divided into three classes ac- 
cording to their constitution, and named respectively, 
"eidorites,” tl sidcroliles,” and “aerolites,” Sidurilcs, or 
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“ meteoric irons/’ conlain from eighty to ninety-five per 
cent, of iron alloyed with from six to ten per cent, of nickel, 
and are almost indistinguishable from masses of iron of 
terrestrial origin. Sidcrolites consist of large proportions of 
iron and stony matter \ while aerolites are composed chiefly 
of stray matter, and are known as f< meteoric stones.” 

There is every gradation between the fire-ball which 
rushes through the air and reaches the ground as a meteorite 
and a noiseless shooting-star, and it was concluded a 
century ago that the two are only varieties of one pheno- 
incnoii. Doth arc also connected with comets, and it is 
now our purpose to give an account of the facts which led 
to the discovery of this intimacy, 

Usually shooting-stars are seen one at a time, nnd they 
glance across the sky in any direction. At regular intervals, 
however, we see “the vanity top of heaven, figured quite 
o’er with burning meteors.” Shooting-stars shower down 
from the sky almost as abundantly as flakes of snow during 
a snowstorm. A circumstance which soon attracts the at- 
tention of an observer of a great shower of this description 
is that all the meteors appear to shoot away or radiate from 
a particular part of the sky, known as the “ radiant” or 
n radiant-point.” And even when showers of a less remark- 
able character are observed, when perhaps only one or two 
meteors aro seen at the same instant, the streaks point 
backwards to a radiant. Near the radiant the meteors have 
very short trains, while those farther away are visible over 
long tracks. This is explained as an effect of perspective, 
When we look through a long straight gallery or tunnel, the 
roof, floor, and sides are seen to converge to one point, 
known to artists as the “ vanishing-point.” The radiant-point 
is similarly produced, The mcteoritic particles are travel- 
ling in practically parallel paths when the earth plunges in 
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among them. Owing to the brake put upon their motions, 
the meteors leave behind them aluminous trail of the paths 
they pursue, and when we look through all these parallel 
streaks we see them converging to a “ vanishing-point w in the 
sky, just as the parallel walls, floor, and roof of the tunnel 
were observed to do. Hence the radiant marks the actual 
direction of motion of the meteors when the earth meets 
them. 

Showers of shooting-stars recur periodically. Professor 
Newton, by looking up ancient chronicles, found that 
brilliant displays had been observed in the same part of the 
sky about ihe middle of November every thirty-three years, 
A simple illustration will make clear the cause of this 
periodicity, Suppose a policeman in a country district 
completes his extended beat in a week, going round, say a 
dozen small villages, in this time. Week after week the 
journey is made with little to relieve the monotony of it, 
until an unpleasant incident occurs, As he leisurely ap- 
proaches The Lion hostelry one day, he is pelted with peas 
by a number of boys journeying home on tlieir holidays. 
As the string of coaches pass him, from each he receives a 
tantalising shower. However, the end of the line is reached 
in time, and the guardian of the peace then proceeds un- 
molested on his way, mourning over youthful depravity. 
Nothing happens for thirty-three weeks, when the boys are 
again homeward bound. They come down the road from 
The Lion and assail him just as before. Thirty-three 
weeks later, the incident Is repeated, and again after the 
same interval. It then dawns upon him that once in thirty- 
three weeks he meets a stream of boys coming down a 
particular road, and is greeted with a shower of peas. Now 
this is analogous to what occurs with the earth. Every 
thirty-three years, when the carlh is at a particular part of 
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her orbit, a stream oDmetemitie pari idea coining from the 
direction of The Lion constellation, happens in imci us, 
nnd the result is that we gel a shower of shooting stars as 
we pass through it. It is inferred from (his that tin.: stream 
journeys round the sun once in tltirly three yearn, in an 
orbit which crosses the orbit of the cuil.li. When both 
reach the “ level-crossing " together a brilliant meteor 
shower testifies to the encounter. 

The meteors which rad iaLc from Thu Lion oinsiull itiun 
arc known as Leonids. The stream of solid particles which 
produces them is so long that it takes alnml two yea is to 
cross the earth’s orbit, conseipiently meteoric showers may 
occur about the middle of November two years in succes- 
sion. The last display was in i Hftfi, and the next will be in 
1899. At the end of November once in thirteen years 
showers arc observed in which the meteors radiate i n an a 
point in the Andromeda constellation. These particles 
therefore travel round the sun in a period of thirteen years. 
Slight showers occur about the beginning of August in 
every year, reaching a maximum on August 10th. Tin's is 
because the metcoritic particles extend completely round 
the sun, so there arc always some in the way of the earth ns 
wo pass through the point where the meteor orltii cuts ours. 
Ihesc metcore radiate from the constellation of I'cixciih, 
Another well-known shower happens in April, the radiant 
m this case being in the constellation of the Lyre. 

After a laborious investigation, it was proved by the late 
Prof. Adams that the Leonid meteors observed in iHhf, 
belonged to a swarm of meleoritic particles which revolved 
round the sun in an elongated ellipse once in thlrly-three 
years, With regard to the dimensions of the mivum its 
comparison with the orl.it, Dr. Stoney has remarked (hat a 
thread of fine sewing-silk, about one foot and u half hn r 
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creeping nlong an ellipse having a length of seven feet, re- 
presents the proportion of the two. 

At the beginning of 1866 a comet was discovered by 
Tempel, and the form and position of its orbit was calcu- 
lated. Shortly after the memorable meteor shower of 1 866, 
two astronomers, Peters and Schiaparelli, pointed out tlmt 
the orbit of the L con id swarm was precisely the same as 
that of Tempera comet. There could be no doubt about 
the matter. In form, dimensions, inclination to the ecliptic, 
and position, the orbits of meteor swarm and the comet 
were identical. Only one conclusion could be drawn from 
this coincidence, namely, that the comet is part of the 
mctcorilie stream, Schiaparelli followed up this remarkable 
result by calculating the orbit of the August meteors, the 
Porscids, A comparison of the computed orbit with that of 
the great comet of 1862 showed tlmt the two were identi- 
cal. This, then, was a second clear ease of a comet being 
nothing but a swarm of meteorites. A third coincidence of a 
similar character is still more striking. It is the case of 
lliola's comet. On November 27th, 187 2, and on the same 
day in 18K5 and 1892, shooting-stars showered copiously 
from a point in the constellation Andromeda. Calculations 
show that the orbit of thin swarm is identical with that of the 
lost comet, and astronomers now declare their belief in the 
unity of the two phenomena by naming the Andromeda 
meteors Uiclids. A few other meteor-swarms have been 
found to move in the same orbits as comets j lienee it seems 
probable that all comets arc similarly constituted. Schia- 
parelli thinks that the comet of 1863 is a largo meteorite in 
the Perscid swarm, but the idea generally accepted is that 
this comet, and others related to meteor-swarms, represent 
the densest portion of the swarm. 

It is held by some astronomers that meteorites are por- 
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tiom of matter ejected from volcanoes on the earth, moon, 
or planets, Believers in this theory support also the idea 
that periodic comets are products of eruptions, hurled into 
space with such force that they got outside the sphere of 
attraction of the body which gave them birth. A velocity 
of six miles a second suffices to carry n body beyond the 
domain of terrestrial influence, and one mile a second in 
the case of the moon. Recent researches, however, indicate 
that meteorites and comets are captured from outer space 
by the attraction of our system in the manner previously 
explained. 

A comet in passing around its orbit undergoes various 
transformations. These changes are perfectly explained by 
the "meteoritic hypothesis.” A cloud of meteorites is 
pulled into the solar system from interstellar space, and is 
first seen as a fairly luminous haze, The luminosity i\s pro- 
duced by the meteoritic particles jostling one another, and 
thus provoking sufficient heat to volatilise their constituents. 
The swarm moves onward, and by the increased intensity 
of gravitational attraction, the individual particles are caused 
to move faster, and, therefore, to collide and graze against 
each other more frequently, the result being nn increase of 
brilliancy. As the temperature rises, and a greater amount 
of heat is developed, the vnpours are given off in HiifiicLcnt 
quantity to form a tail. Usually this appendage increases 
iu size until a few days after the swarm has passed its i>oiiU 
of nearest approach to the sun, and then diminishes. 'Plus 
collisions gradually become less violent and less frequent 
when the swarm is leaving the sun, and, finally, the com- 
motion has decreased to such an extent that only a feeble 
luminous haze tells of the swarm’s existence. 

Professor Lockyer has given additional support to the 
view that comets are swarms of meteorites by n number of 
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spectroscopic observations, He placed some fragments of 
undoubted meteorites in a glass tube, from which the air 
was afterwards removed by means of an air-pump. The 
fraginenifl were then, as near as possible, in the condition of 
similar particles in space. They were gradually heated, and 
the light which emanated from them was analysed by a 
spectroscope. The sequence of changes observed under 
these circumstances were found to be the same as had been 
seen in the spectra of different comets. A couple of comets 
at a great distance from the sun have exhibited light of the 
same quality as that seen as soon as a meUorite is heated 
in the laboratory, and comets very near to the sun possess 
a spectrum like that given by meteorites exposed to a high 
temperature. All the changes in the quality of a comet’s 
light are shown by Professor Lockyer to be those which 
must occur when a swarm of meteorites has its temperature 
varied, hence the conclusion that comets and meteorites arc 
u one and the same phenomenon” finds support in spectro- 
scopic observations as well as in orbital coincidences. 

Though the superstitious fear of comets has died away, a 
dread exists in the minds of many people that the earth will 
some day pass through the nucleus of one. There is cer- 
tainly a possibility of this happening, and Professor New* 
comb estimates it in this manner, « There is hardly a 
possible form of death which is not a thousand times more 
probable than this. So small is the earth in comparison 
with the celestial spaces, that if one should shut his eyes and 
fire a gun at random in the air, the chance of bringing down 
a bird would be belter than that of a comet of any kind 
striking the earth.” 

It is difficult to say what the result of running full tilt 
into a comet’s nucleus would be. If the nucleus consists 
merely of u cosmic dust,” only a brilliant shower of shoot- 
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ing stars would he seen ; hut if il in made tip of bodies as 
large or larger than cannon-balls, the < omaMpmnec would he 
serious. Myriads of the meteoritie masses would heal upon 
the earth, and the burning of ilio maU’iiuls ol wbieh they 
nro composed would probably use up ilir oxygen in the 
atmosphere, in which case, man and nil the unimal i rcaiimi 
would perish. r J’he temperature of tin* air would also he 
raised to such a degree that all vegetation would he 
destroyed and our beautiful globe would he transformed 
into a desolate and barren rock. The pmupect is not a 
pleasant one, and consolation is found in tlu: fart tli.it an 
encounter such as that referred In only has a chance of 
happening once in about twenty million!* of yearn, 
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IN HOUNDLESS SPACE. 

* Profusely scattered o'er the blue immense/' above and 
below Lhe system of the sun, to the right and to the left of 
it/ roll the stars, which are the poetry of heaven. They are 
suns like our own, shining with unborrowed light, and, very 
probably, each “informs a system in the boundless space/' 
like that of which the earth is a part. The sun is more 
brilliant than any star, because it is nearer to us. r lakc the 
glorious orb of day away into the infinitude of space, and 
it would lose its magnificence; tarry not with it until the 
distance of the nearest star is readied, and it will have 
dwindled to a lucid point like the pole star, which for ever 
twinkles in the northern sky. 

As soon as Galileo turned his telescope towards the 
heavens, he saw revealed a host of stars on which no human 
eye had previously gazed. In his 11 Sidereal Messenger " 
bo gives a few examples of these virgin regions. Let the 
discoverer give his own description of what he saw in one of 
these cases : 

lt I have selected the three stare in Orion's belt and the 
six in the Sword, which have been long well-known groups, 
and I have added eighty other stars recently discovered in 
their vicinity, and I have preserved as exactly as possible 
the intervals between them. The well-known or old stars, 
fov the sake of distinction, I have depicted of larger size, 
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and I have outlined them with a double line \ the others, 
invisible to the naked eye, I have marked smaller and with 
one line only. I have also preserved the difference of 
magnitude as much as I could.” 

By the invention of the telescope, then, the number of 



Fig. 28. — I have selected iho llireo sters in Orion's bolt, find tlic six In 
the Sword, and I have added olghly other alnrs." (Galileo.) 

observable stars was enormously increased* To Ihe naked 
eye, between two and three thousand stars can be seen nt 
one time and place. In the portion of the celestial sphere 
visible from ICngland, about fourteen stars are conspicuously 
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bright; fifty shine with a light equal to that of the pole 
star, and two thousand are just visible. Stars are classified 
into u magnitudes ” According to their glory. Those which 
have an intensity equal to Aldebaran are stars of the first 
magnitude ; the pole star is of the second magnitude, and 
stars on the verge of invisibility belong to the sixth magni- 
tude. The range of unaided vision thus includes six mag- 
nitudes. Astronomers have made an arbitrary distinction 
between each magnitude and the next. It is decided that 
the light of a star of any magnitude shall be to the light of 
a star one magnitude fainter ns two and a lmlf is to one. 
Hence, two and a half stars of the sixth magnitude equal in 
brightness a single star of the firth magnitude ; two and a 
half of the fifth equal one of the fourth j and so on until we 
arrive at a star of the first magnitude, that is, one which 
sparkles with one hundred times the intensity of a star 
which can just be seen on a clear night. Telescopic stars 
are similarly graded, according to the light with which they 
shine. It is a remarkable fact that down to the tenth mag- 
nitude the stars increase in number as they diminish in 
brilliancy, This is somewhat analogous to what we find in 
the animal creation. Immense animals, such as elephants, 
being far less numerous than smaller ones. 

The total light received by the earth from stars visible 
and invisible to the unaided eye is extremely small, Sixty 
times the total starlight on the clearest night would be re- 
quired to equal the light of the full moon, and 33 million 
times the amount to equal sunlight. It is therefore absurd 
to believe that the stars were created to light the earth, As 
Lytton tersely puts it, A farthing candle is more con- 
venient for household purposes than all the stars.” 

Why is it that “ one star difTereth from another in glory”? 
The first explanation which suggests itself is that the differ* 
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ence in brightness is caused by difference of distance from 
the earth. A first magnitude star removed to ten times its 
present distance from us would glimmer as a star of the 
sixth magnitude, and if taken far enough into the depths uf 
space, it would sink beyond the reach of our largest tele- 
scopes. Hence, by assuming that all the stars are equal in 
size, and that the difference in brightness is the result of 
difference in distance, it is possible to estimate the relative 
distance of stars from the earth. These assumptions were 
for a time indulged in, but they are now known to be 
fallacious. There may be as great a difference between 
the sizes of stars as there is between a marble and the earth. 
What is more, the measures of stellar distance show that 
many bright stars are much farther from the earth than 
fainter ones. Stars are seen in the heavens in bunches, and 
though there is clear evidence that the individuals are nl 
approximately the same distance from the earth, some of 
them are brilliant while others are scarcely visible in the 
best of telescopes. The intrinsic luminosity of stars aho 
differs on account of the difference in their temperatures. 
There are intensely hot stars, and stars which have but their 
power of shining, owing to their cooled condition, and 
every gradation exists between the two classes. It cannot, 
therefore, be definitely said that one star is fainter than 
another because it is more distant from us, or because it is 
smaller, or because its surface is less luminous, for each of 
these causes affect the result. 

Stretching across the sky is seen an irregular band of 
faint luminosity known as the Milky Way or Galaxy. 
Ancient philosophers speculated and cavilled on the con- 
stitution of this belt of milky brightness, and it . was not 
until the invention of the telescope that its true character 
was declared. “ By the irrefragable evidence of our eyco,” 
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says Galileo, “we arc freed from wordy disputes upon this 
subject, for the Galaxy is nothing else but a mass of in- 
numerable stars planted together in clusters. Upon what- 
ever part of it you direct the telescope, straightway a vast 
crowd of stars presents itself to view; many of them are 
tolerably large and extremely bright, but the number of 
smaller ones is quite beyond determination.” The larger 
telescopes now employed bear out Galileo’s observation and 
show this celestial zone "powdered with stars," About 
ninety per cent, of all the stars m the heavens lie in or near 
the Milky Way. As we recede from it in the celestial 
vault, the stars become less numerous and are fewest 
when we nre at the poles of the galactic circle. To 
account for this, Sir William Herschel assumed that the - 
stars were of approximately the same size and intrinsic 
luminosity but at different distances from the earth, and 
used his telescope ns a “sounding-line” to fathom the 
deptli of tile stratum of stars in the Milky Way. I-Iis 
observations led him to conclude that our universe extends 
farther in the direction of the Galaxy than elsewhere. The 
stars there appear closely packed and of every grade of 
brilliancy, because they lie one after another in nearly the 
same direction for a greater distance than in any other part 
of the sky. Herschel, therefore, supposed the solar system 
to be situated not far from the centre of a congery of 
stars, most extended in the direction of the Milky Way and 
least extended near the galactic poles. This was regarded 
as our particular universe, and beyond it other universes 
were supposed to exist. Hcrschel’s conclusions were built 
upon suppositions, and the result is that many of them are 
seen to be incorrect when viewed in the light of latter-day 
knowledge. It can hardly be said, however, that Anything 
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very definite is known concerning the form of the sidereal 
universe even at the present time. 

The determination of the distances of stars is one of the 
triumphs of modern astronomy. 1 lie principle oT the 
method is simplicity itself. To find the distance of a ter- 
restrial object without direct measurement, theodolites me 
taken to each end of aline, the length of which is known, ant) 
pointed to the object, and from the observations the required 
distance can be found. If two theodolites, say, ten miles 
apart, are pointed at a particular star, it would seem that 
the distance of the star could be calculated in the same way 
as that of the terrestrial object, Observations of this kind 
would show, however, that the two theodolites were parallel, 
proving that the star has no parallactic displacement when 
viewed at the two extremities of a line ten miles long. 
Enlarge the base-line to one hundred miles, and again the 
negative result is obtained. Observe the star from the ends 
of a diameter of the earth, that is, at the extremities of a 
base-line eight thousand miles long, and still no displace- 
ment will be found. But there is another base-line which, 
It might reasonably be expected, would be long enough for 
the determination of distances of almost infinite magnitude ; 
it is the diameter of the earth's orbit, The earth is at u 
particular part of its orbit at the present moment; in six 
months it will be on the other side of its orbit, the distance 
between the two points being about 1 86 millions of miles. 
If, then, a telescope is directed to a star at an interval of 
six months, it would seem that a very definite parallactic 
displacement ought to be observed. So it seemed to Tycho 
Brahe, and Galileo, and Hooke, Molyneux and Bradley, 
Herschel, and a host of other astronomers, yet time after 
time was the observation made without the obtaining of n 
single accurate result. The failure was partly clue to Ihu 
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imperfections of the instruments employed in the mcasuro- 
ment of minute dimensions on the celestial sphere. It was 
not mud 1838 that the problem which had chafed astron- 
omers since the time of Copernicus was satisfactorily solved. 
But bcfoie going further, let us state the means by which 
the results have been attained. 

On account of the movement of the earth in its orbit, we 
constantly observe the stars from different points in space. 



]• l fl . aj. • On iimuiii of I hit moveiiiHti of (he earth In Its orl.lt, ,„di 5lnr 
d|i|X'urH to ileserllx! unnunlly a iiihmio clltpso on tliu l«iek B ii)timl of 


Once n year only do we sue them from the same place. 
For this reason cadi stellar point is projected upon different 
parts of the infinite celestial sphere throughout the year. 
Suppose Unit on every night in the year a straight lino could 
bo drown from the earth through a star to (lie celestial sphere, 
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then the ends of the lines would mirk nut a figure upon Uu! 
sphere exactly like that of the earth's orbit. The r 
a star is to the earth, the greater is the si/e nf ibis 
apparent ellipse, known as the “ parallactic ellipse.” Ksidi 
star appears to describe a minute ellipse of this rlianu UT, 
traversing its apparent path annually. It must not lor a 
moment be supposed, however, that these lines of navel 
can be detected with the naked eye, or that they alter the 
configuration of the constellations during the year. They 
a re so small as almost to defy detection with the finest of 
telescopes. To determine the si/e of the parallactic ellipse 
of a star, measures arc made of the star's exact position 
(right ascension and declination) throughout the year. A 
number of corrections have then to he applied to the 
observations. When this has been done, if the slur iw not 
at an infinite distance from the earth, the positions will be 
found slightly different on different dates, and by mapping 
the points down upon a large star-chart, they will bo found 
to arrange themselves in the form of a minute ellipse* The 
angular dimensions of half the longest length of this ellipse is 
the parallax of the star under observation. It represents the 
angle contained between two lines drawn from the slur, cun: 
to the sun, the other to the earth. This method of deter- 
mining stellar parallax is known as the fl absolute” method, 
because absolute observations of position are made. Un- 
fortunately, it. does not give the best results, Tlus vitiating 
causes are so many, and their effects are ho large and imper- 
fectly understood that a star’s parallactic ellipse ran not 
generally be extricated from the tangle, 

The (i differential” method of determining parallax is Ircc 
frojn many of the objections which accrue to the observa- 
tion of absolute places of stars, and is the one now usually 
employed. Let us give an illustration of the principle 
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underlying it. Imagine yourself in a field and looking 
towards a tree a few hundred yards away. The tree appears 
in a line with others a considerable distance off, By 
changing the point of observation, the nearer tree will 
appear in a line with others. The trees can represent stars 
nt different distances, and by walking round in a circle, the 
motion of the earth in its orbit can be imitated. Just as a 
tree appears to change its place with respect to more dis- 
tant ones ns the observer moves round bis path, so a star 
must appear to vary its position with reference to others 
deeper in space, in consequence of the earth’s orbital motion. 
A difference exists, however, between the two cases. There 
is no difficulty in telling which tree is near and which is nt 
a distance, but no sure indication of this kind is exhibited 
by the stars. It is necessary to assume that the faint stars 
round the one whoso parallax is desired are so far away that 
they can be considered ns reference points upon the celestial 
sphere. Ihe positions of the selected stars with respect to 
these points. are determined throughout the year instead of 
finding the exact situation in the heavens from time to time. 
The vitiating causes which debar the result in the absolute 
method are thus entirely obviated, for they affect all the 
stars alike. When such measures arc made and mapped, 
the star under observation is found to describe a parallactic 
ellipse relatively to the faint ones near it. In no case how- 
ever, can the true parallax of the staf be obtained by this 
method, but only the difference between its parallax and 
the parallaxes of the reference stars. 

The late Professor Pritchard very successfully used 
photography in the determination of stellar parallax. Instead 
of determining the relative positions of stars surroundin'' 
that selected for observation, when the objects nro in the 
field of view of the telescope, a photograph was taken, and 
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the relative' positions of the stars upon it were afterwords 
measured at leisure. The photographs have the advantage 
of being permanent records, so the measures can be verified 
if necessary, whereas measures made while the observer is 
at the telescope have to stand on their merits, for it is im- 
possible to exactly realise the same conditions of observation 
at any future time. 

In 1838, Bessel completed a series of observations of the 
position of a star known as 61 Cygni, barely visible to the 
naked eye, with respect to a couple of fainter stars near it. 
The result showed that half the greatest length of the paral- 
lactic ellipse, that is to say, the parallax of the star, was alnuit 
one-third of a second of arc. To put it another way, if an 
astronomer were on the star, the angle between the two direc- 
tions in which he would have to point his telescope to yievv 
the earth and the sun respectively would be about one-third of 
a second of angular measure. Let us give an illustration of 
this almost infinitesimally small angle, The long hand of a 
watch moves through a circle of 360 degrees in an hour; in 
one minute it moves through an angle of six degrees ; in one 
second through one-tenth of a degree, that is, six minutes of 
arc. Following up this proportion, it will be found that llu! 
hour hand moves through an angle of one-third of a second 
of arc in about one-thousandth of a second of time. In 
olher words, the difference between the directions of the 
hour hand of a watch or clock nt the beginning and the end 
of one-thousandth part of a second represents the parallax of 
the star 61 Cygni. We can go further and say that up to the 
present lime no star is known to have a parallax of more tlum 
one second of arc — an amount through which the hour hand 
of a watch moves in the three hundred and sixtieth part of 
a second. About the same time as Bessel’s results were 
published, Struve, using the same differential method, found 
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a parallax of about one-fifth of a second for the bright star 
Vegn ; and Henderson,- by a discussion of absolute measures 
of posit, on, showed that the star Alpha Ccntauri, invisible 
in our hemisphere, lias a parallax of rather less than one 
second of arc. 

When the parallax of a star is known, the corresponding 
d. stance 111 miles can be calculated. It can be proved geo. 
metrically that any object viewed at a distance of 206 26s 
times its own length subtends an angle of one second Thus 
a halfpenny has a diameter of an inch, and if the coin is 
taken to a distance of 206,265 inches, that is, 3 1 miles, the 
angle between two pointings of a telescope, one to the upper 
and the other to the lower edge, is one second. Suppose 
then, an observer on a star found that the angle between 
two pointings to the earth and sun respectively was one 
second ; if lie knew that the distance from the earth to tho 
sun is 93 millions of miles, he would be able to find the dis- 
tance of his globe from us, for it would be 206,265 times 93 
million mile's. Remembering this relation between angles 
and distance, and also that the parallactic angles are in- 
versely proportional to tho distances, it is easy to find the 
distance of a star after its parallax has been measured. No 
star has a parallax so great as a single second of arc, hence 
no star is nearer to us than 206,265 times 93 million miles, 
that is, about 19 millions of millions of miles. The star 61 
Cygni is at three times this distance j Vega is at fire limes 
this distance. We cannot comprehend the immensity of 
these numbers. To bring them within the mental grasp, 
astronomers employ a unit of length vastly longer than any- 
thing used in terrestrial measurements. It is the distance 
which light travels In a year. In a second of time a beam 
of light (lashes through a distance of 186,000 miles. The 
space traversed in a year at this rato of motion is a rpiantity 
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commeasurable with stellar distances. Upon many maps 
of towns and suburbs, circles are drawn showing distances 
in miles from a centre, In London, tho distances nra 
generally reckoned from Charing Cross, Lot us construct 
a plan of stellar distances upon this principle, taking tho 
solar system as the centre, but instead of drawing circles 
representing radii of one, two, three miles and so on, let the 
distance from the solar system to each circle represent the 
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map the stellar distances at present known with any degree 
of accuracy. Of nil the stars, about four score have had 
their distances determined, and in the illustration those nt 
distances less than that through which light travels in thirty 
years nre shown in their proper relative positions round the 
sky. More than this, the illustration shows the number of 
miles the stars are distant from the sun, if the earth’s distance 
were represented by a length of one inch. Alpha Centaur! 
is the nearest star, A flash from the sun to it, or vice versa 
only takes four years to reach its destination. The light we 
receive from Alpha Tauri or Aldebaran at the present time 
left the star on its journey twenty-seven years ago. Or, to 
put it another way, if the earth is represented by a minute 
speck of dust revolving round a grain of sand at a distance 
of an inch, Alpha Tauri would be a similar grain twenty- 
seven miles away. Most of the.stars seen in the sky without 
telescopic aid are at such a distance that the light we now 
analyse left them about the time of Galileo ; and there are 
others whose rays, though rushing with lightning speed 
through the depths of space, only reach us after a journey 
counted in thousands of years. In a “universe of endless 
expansion *’ are we, and through it messages of light may be 
sweeping from bodies so far sunk in the empyrean that they 
will never be received by the eye of man. 

The appearance of the sky on a fine night gives one the 
impression of infinite calm and peace, and it hardly appears 
credible .that each orb which we behold is in a state of 
tumult tremendous beyond our conception, and that all arc 
whirling helter-skelter through space. Yet such nre the 
facts. The stars have apparent motions belonging not to 
them hut resulting from the movements of the earth. They 
nlso have “ proper motions,” that is, real motions which go 
on quite independently of terrestrial changes of position. 
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When a vessel is watched on the distant horizon, it only 
appears to move very slowly, even though the real speed 
may be great, and, indeed, several minutes may pass without 
any change of position being detected. Similarly, the stars 
are so far away that their real motions are scarcely observ- 
able, and can only be discovered by watching the skies over 
a long period of time, Hipparchus made a catalogue of 
the positions of some of the stars about 125 n,c, Eighteen 
hundred years later Halley compared these positions of 
celestial bodies with those found in his day, The compari- 
son showed that unmistakable changes of position had 
occurred during the interval. The difference between the 
old and new positions of Sirius, the brightest star in the 
heavens, was as much as the apparent diameter of the 
moon, and other stars exhibited similar and even greater 
discrepancies. The numerous observations made by Hip- 
parchus of the same star precluded the idea that he had been 
mistaken in his measures ; hence the idea that the stars them- 
selves had moved was found worthy of acceptation, Observa- 
tions made since the Lime of Halley have established abso- 
lutely the fact of this motion, and in all good catalogues of 
stars now compiled, the amount by which each individual orb 
changes its position in a year is stated. It appears, then, 
that a “fixed n star is unknown. The result of this is that 
configurations of stars change with the lapse of ages. To 
the eye, the Great Bear constellation appears much the 
same to-day as it did when Hipparchus observed it more 
than two thousand years ago. But in, say one hundred 
thousand years, the familiar Plough, mighty Orion, Cassio- 
peia’s Chair, and other constellations, will have lost their 
present alignments and be unrecognisable. 

The star having the largest proper motion is No. 1830 in 
a catalogue made by Groombridge, and is, therefore, known 
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as 1830 Groombridge. It is situated in the Great Bear, but 
is invisible to the naked eye. In a year this star moves 
through seven seconds of arc; in a century therefore it moves 
through seven hundred seconds, and in about 185,000 years 
it will make the circuit of the celestial sphere. The star 61 
Cygni, to which reference has previously been made, has a 
proper motion of five seconds of arc per annum. It was on 
account of the existence of this comparatively large proper 
motion that Bessel was led to select this star for observations 
of parallax. If the velocities with which stars move across 
the line of sight were equal, then a large proper motion 
would be an indication. of nearness to our system, but this 
criterion is no more certain than that obtained from a con- 
sideration of stellar brightness. 

The stars possess proper motion; the sun is a star, there- 
fore the sun has a proper motion ; this is a logical conclusion 
which presented itself to the mind of Sir William Herschel 
and which he established by observation. He proved that 
the sun with his planets and satellites is moving towards the 
constellation Hercules. A number of determinations have 
been made of the point towards which the sun is travelling 
(known as the “ apex of the sun’s way by various astron- 
omers, and, considering the difficulty of the problem, the 
agreement is remarkable, Recent work in this direction 
indicates that the apex is close to the bright star Vega. 
The velocity with which the sun is moving may be anything 
from about five to twenty miles per second. A reasonable 
estimate makes it about ten miles n second. When we 
com paro this with the rale of a cannon ball it seems enor- 
mous. Such a comparison, however, lends to erroneous 
ideas. A cannon ball which took a day to move through a 
space equal to its own diameter is travelling at less than a 
snail’s pace, yet with a velocity of ten miles per second, thq 
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sun takes a day to move through a space equal to its own 
diameter. In order to understand the conditions of the 
problem which Herschei solved, consider an observer to be 
in a large park among a concourse of people. The people 
are moving about in all directions, but a general movement 
is also noticed away from the entrance gate of the park and 
towards the exit. This is what is found in the case of the 
■stars. Each star has a motion of its own, and when these 
motions are considered in hundreds, a general movement 
from our point in the sky and a general movement towards 
a point on the opposite side of the celestial sphere is ob- 
served. The apex of the sun's way is the part of the sky in 
which the stars appear to be spreading out, owing to the 
motion of our system towards them, and the anti-apex 
marks the opposite part of the sky. If the stars were fixed, 
like trees in an avenue, the opening out would be similar to 
that observed in front when walking down the avenue, and 
the closing up would be analogous to the view behind. The 
problem would then be a very simple one, whereas the 
reality of stellar motions makes it very difficult. 

Many of the stars undergo changes of brightness ; they are 
“variable stars. 1 '* Some fluctuate very considerably in 
brilliancy ; others are not so conspicuously changeable j 
some rise and fall in light-giving power in the course of a 
few days ; others slowly increase and aa slowly decrease in 
splendour, taking several months to do so. In addition lo 
the stars which periodically swell and shrink in importance, 
there are those which live a brief life and then “cease to 
be," and are known to astronomers as “ new stars." When 
Galileo turned his telescope towards the sky, he saw hun- 
dreds of stars previously unknown to man, and in our day 
increased optical powers and celestial photography are 
continually bringing new worlds within our ken. Such, 
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however, are not known as “new stars."' The term is re- 
served for those which suddenly blaze out and then slowly 
Tade away to invisibility. Less than a dozen temporary stars 
of this character have been recorded in historic time. The 
first of which anything like a circumstantial account was 
written appeared in 1572 in the constellation of Cassiopeia. 
During a short part of its existence, this star was so bright 
that it could be seen in the daytime, and it took fifteen 
months to fade out of sight. Another new star of excep- 
tional grandeur was seen in 1604. Coming to our own 
times, we have the star which in 186C was suddenly exalted 
from the ninth to the second magnitude, and, after occupying 
this position for about a month, went back into the obscur- 
ity Horn which it had been raised, 1 his was the first new star 
to which spectroscopic analysis was applied. The increased 
light was found to be of the rjualily emitted by hydrogen. 

In 1876 a new star appeared in the constellation Cygnus. 
It was of the third magnitude when at its brightest, and in 
fifteen mouths had sunk to the eleventh magnitude. The 
rcmaikable fact about this star is that when it had sunk to 
its lowest degree, and was presumably at a lower temperature 
than at the time of greater brilliancy, it was indistinguishable 
from a small nebula or a comet when far away from the sun, 
A stellar visitor appeared near the centre of the great 
nebula in the constellation Andromeda in 1886, but did not 
become bright enough to be seen with the naked eye. In 
about four months it entirely vanished, though not without 
reporting that its light was the same ns that of the nebula itself. 

A considerable amount of interest was taken in a new 
star observed in the constellation Auriga in 1893. The 
analysis of the light of this star showed that we were really 
viewing two or moro bodies moving with different velocities 
and in different directions with respect to the earth. The 
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star is still visible, but, like the new star of 1876, it has 
assumed the condition of ft small nebula, its light being of 
precisely the same quality as that given by. these cloud-like 
patches in the sky, 

To account for the phenomena of new stars, various 
theories have been propounded. Some astronomers believe 
that the increase of brightness is caused by an enormous 
outburst of luminous material from a faintly luminous crust, 
or the shooting forth of a great mass of luminous hydrogen 
in a similar manner to that observed in eruptions on the sun, 
but on a larger scale. Prof. Lockyer lias suggested that 
new stars are caused by the accidental meeting of two 
swarms of meteorites in space. When the collision occurs, 
a large amount of heat is developed, and the luminosity is 
increased so long as the swarms are passing one another. 
After the conflict, normal conditions prevail, the swarms 
travelling “ every one to his own way.” 

The most celebrated star which waxes and wanes in 
brightness in a period of several months is in the constella- 
tion- Cetus, and is known as Mira Ceti — the wonderful star 
of Cetus. It is a typical variable of long period.” At the 
time of maximum brightness Mira is usually of the second 
or third magnitude, and sometimes rivals a star of the first 
magnitude. It then fades gradually away, and in rather 
more than a couple of months can only just be seen in ft 
three-inch telescope. For nearly eight months the star 
remains in this unimportant state, when suddenly an in- 
crease of brilliancy sets in, and in about a month the star 
is again in the zenith of its power. Prof. Lockyeris ex- 
planation of the cause of this kind of variability satisfies the 
facts of observation better than any other. It is that the 
faint star we see for eight months or so is really a swarm 
of meteorites. Revolving round these jostling rocks in an 
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* s a similar, but smaller, congregation. When 
t h.' .s u'li '-‘ I sxvarni passes close to the larger one during its 
perioc J oui-ncy, the meteorites rub against and collide with 



one another. The result is a development of heat; a melt- 
ing and vaporisation of some of the constituents therefore 
follows, ancl increased luminosity testifies to the encounter. 
Thu spectroscopic analysis of the light of stars of this char- 
acter given svt pport to Prof, Lockycr’s hypothesis. During 
maximum tori lliancy a number of bright lines arc added to 
the stiu-spectrum, and this is exactly what would be ex- 
pected when t%vo swarms of meteorites pass near enough to 
one another t o drive some of the constituents into vapour 
and rentier them luminous. 

A variable star of quite a different type is beta Parse!. 
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The ancients were go much struck by the extraordinary be- 
haviour of this object that they named it Algo], the Demon 
Star. For two and a half days Algol is of l he second 
magnitude, and conducts itself like nil ordinary .star. 
Suddenly, however, it begins to lose its power, and in about 
four and a half hours it sinks nearly two magnitudes. Hut 
in less than half an hour the Demon Star commences to 
climb into its former position, and in about four hours the 
goal is reached. These changes are run through in 2 days, 
20 hours, 48 minutes, 51 seconds. 

More than a century ago Goodricke suggested that the 
apparent changes of Algol's light were caused by a dark 
body revolving round the star, and once in a revolution 
coming between it and us, and so causing it to be partially 
eclipsed. This theory has been established by Prof, 
Pickering at Harvard, Prof. Vogel at Potsdam, and Mr. 
Maunder at Greenwich. Algol has been proved to ap- 
proach and recede from the earth in a period the same us 
that of its variation in light* It swings away from tig and 
blinks, then rushes towards us, only to run away and blink 
again. The oscillations are caused by Algol's dark com- 
panion. The dark star and the bright one are connected 
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shows that Algol is receding from us when the dark body 
is coming forward to eclipse it. After the eclipse has oc- 
curied the dark star is being whirled away from the earth 
and Algol is approaching. It may be necessary to point out 
that the fluctuations of brightness are by no means caused 
hy Algo^ alternately approaching and receding from the 
earth, ’ 1 he star is of the second magnitude, both when it 
is moving towards us and when it is running away from us. 

Algol mid its dark companion arc an ill-matched pair. 
Itself in the prime of life, but chained to an old world 
which swings it hither and thither and gives it a bad name, 
whereas, had it not been so mated, it would behave like n 
staid and respectable member of stellar society. 

In addition to stars like Algol, which have been proved 
to be under the influence of invisible companions, there are 
ninny doublo stars “whereof the one more bright is circled 
by the other.” Such arc known as “binary stars,” or 
binaries. Sir William Hcrschcl was the discoverer of these 
revolving systems. lie measured the distances between a 
number of stars which appeared close together when Lele- 
scopically observed, nnd also the direction of the line con- 
necting them, Repeating the measures after a time, he 
found that the separating distances and the direction of the 
connecting lines of pairs of stars had altered. Further oh- 
sc mil ions proved beyond doubt that the component stars 
were slowly moving round their common centre of gravity, 
and at the present time between two and three hundred 
pntrs of these distant suns have been observed to change 
their positions and directions in a similar manner. 

When Hcrschcl took up the observation of double stars, 
lie did so with the idea of determinating stellar parallax by 
the differential method afterwards successfully used by 
Hessel, In his day, double stars were considered to bo 

K 
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double because the two objects happened lo lie in nefid) 
the same direction, and systems of revolving suns were un- 
recognised. Some of the stars which appear to be double 
must be of this kind, that is, they are not really companions 
having a stately waltz in space, but only “optical ,J doubles. 
The orbits of a few “physical” doubles or binaries have 
been calculated, and the time of revolution four. cl lo vary 
from about fifteen years to as much as hvo thousand years. 

Though only comparatively few double stars have been 
observed to complete a revolution or move in curvilinear 
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paths round a point between them, more than ton thousand 
double stars are known and have had their distances and 
directions determined. As time goes on these measures 
will be compared with others to see if any changes have or 
curred during the interval. 

Sirius has a peculiar history. Observations of its position 
indicated that it did not merely move in a straight line, hut 
travelled in a small curved path, and in 186a the minute 
but ponderous body which hampered its movements was 
discovered by Alvan Clark. The period of revolution of 
the Sirmn system is about fifty years. Procyon is n similar 
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slrir of which the small or dnrk companion has not been 
discovered. 

Castor, one of the Heavenly Twins, is a good example of 
a binary star. To the naked eye it appears to be a single 
star, but when viewed telescopically it is seen to be made 
up of two, ono ft Magnitude brighter than the other. The 
penod of revolution of this pair is about one thousand years. 
Alpha Ontnuri, the star nearest to our system, is also a 
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double, tiic period of revolution being about eighty years, and 
the mean distance being about twenty-three times greater than 
the distance of the earth from the sun. The star Epsilon 
(0 Cyrm is very interesting. An observer gifted with acute 
sight can sec that this object consists of two, without the aid 
or n telescope, lly means of an opera-glass the duplicity 
is at once made out, .mid if a telescope of moderate dimen- 
sions is employed, each of the pair is, seen to consist of 
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two, thus making the system a quadruple one. On this 
account the star is known as “the double-double.” Hiioh 
pair is revolving round the common centre of gravity, mill 
at. the same time the individuals of the pair are in motion 
round one another. 

The components of a large number of double stars 
usually differ in colour when they differ in brightness. 
Beta Cygni is a beautiful example of this. When viewed 
in a small telescope, the star is seen to consist of two, one 
of the third, the other of the sixth magnitude. The brighter 
star has a golden-yellow colour, while the fainter -companion 
is blue. Gamma (y) Andromcdro is another but more 
difficult example of the same kind. Its components are re- 
spectively of the third and fifth magnitudes, the larger being 
yellow and the smaller sea-green. 

“Nature finds gladness in a thousand tints.” This 
applies to celestial as well as terrestrial objects. AVe have- 
stara^of a bluish-white colour like Capelin; of a bluish-green 
like Sirius; red, like Aldebaran; and yellowish-red, like 
Arcturus, and between one and the other there arc similes 
innumerable. Like the flowers of the earth are the floweru 
of the sky, exquisite in their beauty and variegation. 

-From double and multiple stars wc pass to “ clusters rind 
beds of worlds, and bee-like swnrnis of suns,” The Pleiades 
is a cluster in which six bright stars enn be counted without 
telescopic aid. In the constellation of Cancer Is a closu 
congregation , of stars which appears like a spot of light 
when viewed with the unaided eye, An opera- glass show 4 
that the spot consists of forty or fifty individual stars, and 
a telescope of moderate dimensions will show hundreds of 
stars packed in a small space, Another well-known object 
of this kind is found in Perseus. It is a double cluster of 
stars, and can be fairly well seen with a good field-glnfw. 
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More interesting than any of these objects is a globular 
cluster of stars in Hercules. In n small telescope, this 
cluster looks like a round patch of haze, blit with a large 
one several thousand stars can be seen and counted. 

Very similar in appearance to a star cluster seen with a 
telescope are the celestial objects known ns " nebuhe ,} this 
word being the plural of a Latin one meaning a cloud. 
I hey arc faint patches and wisps of luminous haze set in 
tbe starry vault and playing a most important part in the 
universe. It must not be supposed that these celestial 
clouds are so transient as those of the earth. Changes 
doubtless happen, but from the time when nebula; were 
first observed to now, no striking differences Imve been 
fou nd. 

Two nebulm can be distinguished with the naked eye, one 
in Andromeda, the other round the middle star in the 
sword of Orion, Theta ( 0 ) Orion is. A small telescope 
shows that this star is really composed of four, arranged in 
the form of a trapezium, and a large instrument adds two 
more. Surrounding the star will lie seen an Irregular area of 
mist — the Great Nebula of Orion. The Andromeda nebula 
is more easily seen with the naked eye than the Orion nebula 
though it does not cover such a large area of sky. In a 
moderate-sized telescope the nebula is seen to be a spindle- 
shaped mass of luminosity. Another interesting nebula 
occurs between Beta and Gamma Lyraj, It is ring-shaped 
and somewhat like the rings of smoke which many smokers 
can blow from their mouths, In addition to the irregular, 
clIEpticnl, and ring-nebuho, exemplified by the foregoing 
examples, there are a few objects having a spiral or whirlpool 
form* and more or less round patches known as planetary 
neb nice, on account of their showing discs of almost uniform 
brightness. Nebulous stars Imve the appearance of points of 
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light shining through a mist, and many bright points have 
wisps and lucicl streams running out from them in curves 
and lines too diverse in character to admit of classification. 
Double nebnlm close together amt fur apart arc also found 
in all sizes. 

About seven thousand nebula; are now known, and it is 
a remarkable fact that they arc much more numerous in the 
parts of the sky distant from the Milky Way than in or near 
it.-' Where stars are abundant, nebula;, as a rule, are scam*, 
and in the regions in which nebula; are found the heavens 
lose their richness as far as stars are concerned. 

Many clusters of stars, which look like nebula; when 
viewed with a small telescope, are found to consist of indi- 
vidual stars if a larger instrument be employed, This led to 
the idea that nebula* are clusters of stars so far removed 
from our system as to be beyond the disintegrating or 
resolving power of our largest telescopes ; hence nclmlio 
were divided into two classes, one containing those which 
had been resolved or broken up by optical aid, the other 
containing objects which defied disintegration. This classi- 
fication, however, is not now maintained, for the spectro- 
scope has shown that the light of nebulas is not that which 
would be received from clusters of stars. The criterion as 
to whether an object is a nebula is, therefore, the light 
badge revealed by the spectroscope, and not the telescopic 
appearance. More is said on this point in the next 
chapter. 


CHAPTER VIII. 


CHEMISTRY OF STARS AND NEHUEAC. 

Every English child has heard the lines, "Twinkle, twinkle, 
little star, how I wonder what you are,” and the wonder is 
shared by many men and women. To be able to analyse 
objects, the nearest of which is about 250,000 times farther 
from the earth than our sun, fills everyone’s mind with 
admiration. T^et us trace the history of this marvellous 
achievement. 

In Frauenhofer, the perfecter of the spectroscope, 
and the observer of dark lines in the spectrum of sunlight, 
placed a large prism over the object-glass of a telescope and 
turned the compound instrument towards Sirius. The light 
from this brilliant gem of the sky fell upon the prism, 
traversed the prism, and was separated into its constituent 
parts, and then passed in this decomposed condition down 
to the eye of the curious optician. The view was not 
remarkable, and Frauenhofer hardly realised the importance 
of his observation. ,f I have seen,” said he, " without any 
illusion, three dark lines in the spectrum of the light of 
Sirius which, apparently, have no resemblance with those of 
the sun’s light. One of them is in the green and two in the 
blue space. Lines are also seen in the spectrum of other 
fixed stars of the first magnitude j but these stars appear to 
be different from one another In relation to these lines.” 
Little was added to these fncts for half a century, when 
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Secchi of Rome, and Dr. Huggins, took up Lhe inquiry. 
The meaning of the dark lines in the solar spectrum was 
then understood, and astronomers were beginning to recog- 
nise the importance of the spectroscope as a weapon of 
research. The analysis of Lhe light of “ the distant suns " 
followed as a necessary consequence. Dr. Huggins, work- 
ing with Dr. Miller, found that the spectrum of Sirius con- 
sisted of a few dark lines upon n rainbow-tinted ribbon 
of light. One after another, substances were vaporised 
and rendered luminous in order to find those which pos- 
sessed bright lines coincident in position with dark lines in 
the star-spectrum, Hydrogen was thus shown to be the 
chief constituent of the Sirian atmosphere, and oilier 
elements identified were magnesium, sodium, iron, and cal- 
cium. The radial ions which reach us from Lhe stars are 
unintelligible without the spectroscope. Each substance 
comes to report its existence in its own language, and n 
babel results from their simultaneous speech. Hut the 
spectroscope singles out from this confusion of tongues the 
different languages, and bids each clamouring voice take 
up its proper position. The interpreters are then called 
from the laboratory. The hydrogen language of this earth 
proves to be that of the skies, and the many inflections in 
the language of terrestrial iron are found to agree with those 
in which the light-ambassadors from tho denizens of space 
have been speaking to tis for thousands of yeans. jVluny 
other languages of light have been identified, but there are 
still some for which no interpreter has been found. 

Though Secchi and Huggins commenced observations of 
stellar spectra about the same time, they adopted different 
lines of work. The latter observer investigated the 
chemical nature of stars; the former took a more compre- 
hensive view, his idea being to classify the stars according 
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to their spectra, l'our types of stellar spectra were thus 
established. White stars, like Sirius and Vega, usually 
possess spectra in • which a few broad, dark lines due to 
hydrogen are conspicuous. Yellow stars, like Arcturus, have 
spectra in which a large number of fine lines, chiefly due to 
iron, are visible. If the sun were taken away into space 
until it appeared of the snmc brightness as Arcturus, the 
spectra of the two would be found to be almost exactly 
alike. Red stars, like Petelgcuse (Alpha Orionis), show 
spectra entirely different from the first and second types. 
Instead of lines, dark bands arc seen, each of which fades 
away in the direction of the red end of the spectrum. The 
fourth type established by Secchi contains a few faint stars 
of a deep red colour, having banded spectra like the third 
type, but the bands fading away in the direction of the 
violet end of the spectrum. 

This classification roughly distinguishes the chief kinds of 
spectra, and is the one generally used at the present time. 
It is analogous to the division of the animal kingdom 
into vertebrate or back-boned animals ; articulated or jointed 
animals, like lobsters; molluscs, like snails and oysters; 
and rayed animals, like star-fish, lurch of these divisions 
contains a number of different classes, and the classes arc 
divided into groups or orders, and there is no saying where 
one order ends and the next commences. In the same 
way, there is no sharp distinction between the different 
types of star-spectra, and though Sccchi’a arrangement holds 
good in the main, the spectroscopic discoveries of recent 
years make a more detailed classification essential. Prof. 
Vogel has developed n classification which takes in many of 
the spectroscopic niceties neglected by Secchi, and Prof. 
Lockyer has arranged spectra on quite a new plan, We 
return to this subject later on in the chapter. 
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We have seen that the spectrum of the sun consists of 
fine, dark lines, and that the spectra of stars are char- 
acterised by similar evidence of absorption in their atmos- 
pheres. Such and so was the knowledge, when, in 1864, 
I)r. Huggins turned his telescope, armed with a spectro- 
scope, to a nebula in the constellation Draco. To his 
astonishment, a solitary bright line appeared instead of a 
multitude of dark ones. Further scrutiny showed two 
more bright lines, fainter than the one into which all the 
light of the nebula seemed to be concentrated. Never was 
there a more significant observation. Nebulrc had been con- 
sidered to be stars clustered together and sunk so deep in 
space as to lose their individuality even when observed 
with the most powerful telescopes, but the spectroscope gave 
th z coup de grace to this idea by showing that the light of 
nebulae differed in quality from the light of any stars then 
known, Having seen the bright lines, and satisfied himself 
that they were not due to some instrumental defect, Dr* 
Huggins began his match-making. One of the three lines 
observed was found to be exactly matched by a line due to 
luminous hydrogen, and the brightest line seemed to 
coincide with a line of nitrogen. It was therefore con- 
cluded that the nebula consisted chiefly of glowing hydro* 
gen and nitrogen gases. Other nebulae were examined, 
and the triplet of lines found in their spectra, the brightest 
being invariably that supposed to have its origin in nitrogen. 
It is the brand or badge of nebulae, and is known as the 
“ chief nebular line,” Some of the nebulce, however, show 
an unbroken band of colour — a continuous spectrum — with 
neither bright nor dark lines upon it. 

To the three bright lines observed by Dr. Huggins in 
nebular spectra, later observers have added five more. 
Three of these lines are certainly due to hydrogen, and one 
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is the line usually seen in the spectra of solar prominences, 
and due to an unknown element to which the name of 
helium is given* Spectroscopists arc not agreed as to the 
substances which give rise to the remaining lines; even 
the origin of the nebular trade-mark is a matter of dispute. 
Dr. Huggins originally supposed it to be due to nitrogen, and 
this origin is stated in text-books of astronomy “ even to this 
day* J> But the nitrogen origin has now been abandoned, 
for there is no doubt whatsoever that the line in question is 
not due to this element. Prof. Lockyer has brought for- 
ward a large amount of evidence to show that the line 
reports the existence of magnesium vapour in nebuke, but 
other spectroscopists, and notably Dr, ITuggins, declare 
against this view, 

In recent years, our knowledge of the spectra of nebuhu 
and stars has been very considerably extended by photo- 
graphy. A photographic plate replaces the eye of the 
observer and receives the spectrum upon its sensitive film. 
By means of specially prepared plates, the lines from the 
yellow to the violet in the visual spectrum can be photo- 
graphed at the same lime as lines in the invisible part of 
the spectrum beyond the violet. The colour is not 
photographed, but the lines can easily be recognised upon 
the picture, for each occupies its proper relative position. 
The same holds good in the invisible or photographic 
spectrum of a star, the relative positions of lines being 
always the same. We emphasise this point because 
students have a difficulty in understanding how it is 
possible to know one line from another in a photograph of 
a spectrum, since there is no colour guide. The double 
yellow line of sodium, and the green triplet of mngnesium 
when once seen arc recognised forever after* If a specially 
prepared photographic plate, instead, of the eye, receives 
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the impressions from these lines, the negative 
shows the sodium pair and the magnesium triplet ns 
lines. But though no colours are exhibited, the sniliuiii 1 } { 
will be at exactly the same distance from the 
triplet as was observed with the eye. Usually, 
spectra are photographed, none of the lines in the 
yellow, and red parts of the spectrum leave their im| ,14T 
sions upon the plate, but only lines in the blue ami 
and those too high in the light-scale to be perceive* I ^ 
the human eye, 

Until a few years ago it was held that nebula* 
show bright lines in their spectra, “are systems poKSt??^’ 1 * 
a structure, and a purpose in relation to the univtsr^ 
altogether distinct and of another order from the grotip 1 
cosmical bodies to which our sun and the fixed alut'i* t 11 
long.” There seemed to be a hard and fast distil id 
between a star and a nebula, namely, that the funnc*r 111 
a spectrum of dark lines, while the latter possesses a 1 
line spectrum. This division would be allowable hut h 
the fact that some stars — if the word is not a misMomcJ 
have a spectrum exactly like nebulae, that is> a sj^ctnini ( 
bright lines. The number of "bright-line «lnnr M im 
known is fifty-four, and Prof, Pickering of Cambridge*, 
who has discovered most of these objects, has 
that a fifth type of spectra should be erected to roil till 
them and planetary nebulae with similar spectra. In. ill 

light of these facts it cannot be held that nclMihi? ill 

entirely distinct from stars. There is certainly a ronsiilu 
able difference between a nebula and a star like llie ,hui 
but the difference is very probably only one of dcvuln] 
ment, 1 he spectroscope shows that nebulie merge inlti **tur 
and that star spectra of the different types pass by ;i1 1 noi 
insensible gradations one into the other ; hence it in ah in 
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possible to say, liere one kind of spectrum begins, nnd 
there another kind ends, as it is for the naturalist to draw 
the line of demarcation between the different species of 
animals. This is now generally recognised. Stara are 
believed to be evolved from nebulae, nnd ns they grow old, 
to change their quantity of light, the spectroscope thus con- 
firming the conclusion arrived at by Sir 'William Hcrschcl 
from a study of the telescopic appearance of celestial ob- 
jects. He found planetary nebulae merging into nebulous 
stars, stars surrounded with a large amount of nebulosity, 
and others possessing but a small hazy mist or halo. 
Double nebulae appeared to form double stars, and large 
masses of nebulosity to break up into star-clusters. In no 
one case could this development be traced, but Heischcl’s 
observations showed that the finished star nnd nebulae arc 
connected by such intermediate steps as to make it highly 
probable that every succeeding state of the nebulous 
matter is the result of the action of gravitation upon it, 
while in the preceding one, and by such steps irregular 
nebulosities are brought up to the condition of planetary 
nebula;, from which it passes to a nebulous star, and then 
to the completed product. 

Though astronomers arc of one mind ns to the evolution 
of celestial species, they are not agreed as to the constitu- 
tion of nebula, nor ns to the relative ages of stars. I Jr. 
Huggins’ detection of hydrogen in nebula, and the widely- 
taught statement that nitrogen exists as a luminous gas 
in these bodies, lend at once to the belief tlmt nebular me 
masses of gas, livery speetroscopist believes that glowing 
hydrogen is present in nebular light, hence it would seem 
that nebular must be gaseous bodies. Hut this is not at all 
certain, Nebulre may be, nnd very probably arc, composed 
of innumerable solid particles colliding nnd jostling one 
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another, and thus provoking suflieioiiL heat to iliive some of 
their constituents into vapour, When a meicmiic is 
heated, a quantity of hydrogen gas is usually driven „|i; 
and can be rendered luminous by suitable means in ti K , 
laboratory. It is reasonable, (lien, to «-oni hide ihat » 
swarm of meteorites in space, when rendered hot hy tril lion 
against one nnotlicr, would evolve hydrogen which would 
be made luminous, mid so ho revealed by (he !.pi-i:lrusn,|><>. 
Since 1887, Prof. I.onkyer lias been el.ilmiaiiu,; ||,j^ 
“ meteoritic hypothesis." He Ims Mihjeeted melcoriiie 
fragments to varying temperatures, ami studied ihc tif'hi- 
they emit, by means of the speelrosenpe. ( hie m the |j' rst 

• lines which .became visible is very nearly, if 

coincident with the brightest line in the spei tiiini of luduiho! 
This line proved to have its origin in magnesium, hence it 
was concluded Hint the chief nebular line i« nk.. du.M., 
this element, but the coincidence, and the inference drawn 
from it has been, and is still, hotly contested by oilur 
spectroscopists. I.ct us look into the matter a little e'„ St , r . 

A comet, at a great distn nee from the sun, rjinnol he dis- 

Xffrv 0 " 1 a nebUla hy hH uppearanre. 

shna/Tt °, pntCllCS 0f mist w f|, H- Kurllu-r, comets so 
situated have been found to exhibit the nebular budge j„ 

their spectra. Now there is little doubt that comets' are 
annexed from interstellar space j lienee it would seem Hint 

ra e ctio?nf imi y nCb,,lf ° wl,icl1 ,1:iVU hkIit Urn at- 

™ T f rir> Ifi thc "’ 11 » «•* «»*. 

dudethT,, 1 . : me I' "I 10 »„• 

« 111 ,f, bu !“ nTe snili,Iir, y constituted. 

posed of me eoT s U8 ^ ^ Ce,C8tiflI <«c cm,,, 

by heat broSi „b ° f meU:uri,fu ™lK».r pmdi.eed 

i to This <* mcteoi -swarms 

8 ) ' Th,S ,s °"e ^ Professor J.o, tier's eon- 
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elusions. According to it, we begin with n nebula consisting 
of a number of solid fragments, The individuals knock 
and rub against one another like a swarm of gnats in the 
air. Heal is therefore developed, and the swarm of dark 
particles gradually become surrounded with luminous 
vapours, ihe conflict increases as the swarm condenses; 
hotter and hotter becomes the fight, until finally all the 
particles have been battered into vapour. The vaporous 
globe cools ; it sinks to the condition of our sun, of the 
cavthj of the moon. And possibly, though here we have no 
evidence, bodies in the same stage ns our satellite may 
break up to form meteorites, which, by condensing into 
groups, would give a repetition of the phenomena, "and so 
on, ad infinitum” 

Using this theory of celestial evolution as a groundwork, 
Professor Lockyer has built up a classification of the 
spectra of celestial bodies more comprehensive than any 
other. ITe divides the spectra into seven groups, each of 
which merges into the next, The first group contains 
nebuim ntid stars with bright* lines in their spectra, both 
being considered to be uncondcnsed swarms of meteorites, 
Group two contains bodies with banded spectra, like Secchi's 
third type, The temperature is somewhat higher, but the 
meteorites still retain their individuality. In the third group, 
dark lines replace the bands, the temperature still increasing, 
and when group four is reached all the meteorites haye 
destroyed one another, and their constituents exist in the 
form of vapour. Stars of this group have atmospheres in 
which hydrogen predominates, as in Secchi’s first type. 
This indicates the highest temperature, and to account for 
the richness in hydrogen it is suggested that many of the 
substances we now know as elements are decomposed into 
hydrogen under such intense conditions. The fifth group 
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is equivalent to Secchi’s second type. It contains stars like . 

the sun, having in their spectra a largo number of linos flue 
to iron, and very probably at a lower temperature than those 
exhibiting the almost unique absorption of hydrogen* 

Group six have banded spectra like Socchi’s fourth type, 
with carbon as the chief constituent of their atmospheres. 

Group seven includes bodies like the earth and moon, 
having no light of their own. Though the conclusions as to 
the cause of these different kinds of spectra are combated; 
the fact remains that Professor Lockycr has been able to 
arrange star-spectra in a continuous sequence from nebuke ] 

up to stars like Vega, and down to bodies on the verge of 
extinction. Secchi’s classification of spectra was entirely 
founded upon appearance. Vogel’s is based upon descend- 
ing temperatures, all the stars being supposed to have cooled 
from the condition of Vega. Lockycr bases his arrange' 
ment upon the very plausible argument that there me slurs 
increasing as well as decreasing in temperature, mid it can 
stand whether stars are believed to be evolved from meteor- 
ites or not. 

The means by which the motions of solar vapours are 
measured are described in Chapter ITI. The movements 
of star3 towards or away from the earth arc similarly de- 
termined by the spectroscope. It might be supposed that . 

the criterion of a star’s direction of motion is change of 
brightness. But this is not so. If the nearest star were lo 
approach the earth at the rate of one hundred miles a 
second, its brightness would not be increased by one-fortieth 
part in a century, and a motion of recession would only 
cause the same amount of diminution in this time. 

We have said that the lines in a spectrum, like the notes of 
a piano, have n fixed pitch, which iq, altered, however, by rela- 
tive motion backwards and forwards. The distance between 
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its and a luminous body is immaterial, so long as it remains 
constant. But if the distance is diminishing, all the spectrum 
lines arc increased in pitch— are shifted towards theviolet end 
of the spectrum, and if it is increasing, a lowering of pitch is 
the result— the lines are shifted towards the red end of the 
spectrum. Suppose a piano were being hurried towards us 
on an express engine with its C note sounding, it would be 
impossible to say whether the note had its pitch altered by 
the motion simply by listening to it. If, however, we had a 
C tuning-fork of standard pitch, any change could be at once 
detected by sounding it and comparing the note with that 
received from the moving piano. In the same way, any 
change of pitch in spectrum lines cannot be found by merely 
observing or photographing the spectrum. It is necessary to 
have a spectrum of standard pitch to compare with, This 
is easily obtained. Hydrogen shows a set of lines in par- 
ticular positions when we make it luminous in the laboratory. 
The lines can be considered analogous to the C’s of a piano. 
When we compare this set with those given by the light of 
some stars, perfect agreement of pitch is often found. On 
the other hand, the hydrogen lines of certain stars do not 
coincide with those of terrestrial hydrogen, but appear 
shifted towards the violet end of the standard spectrum, 
The obvious conclusion is that the star is moving towards 
the earth, and by measuring the amount of displacement, 
the velocity of motion can bo calculated. When such a 
star is moving away from the earth, its hydrogen lines are 
displaced to the rod sides of the lines in the comparison 
spectrum, In 1868, Dr. Huggins utilised this principle for 
the determination of the motions of a few stars “ in the lino 
of sight/’ and since 1889 Professor Vogel has very suc- 
cessfully used photography in the investigation. The 
spectrum of the star whoso motion is under determination 
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is photographed side by side with the spectrum of hydrogen 
or iron, The displacement of each line of hydrogen or iron 
in the star-spec tin m, with respect to the same lines in the 
terrestrial spectrum, Is then measured, and llic mean or 
average displacement found from the sum of the measures. 
The motions in the line of sight of about fifty stars have 
thus been determined with a probable error of about a mile 
a second. Aldebarnn is found by Vogel, and also by Mr. 
Maunder, of Greenwich, to be running away from the solar 
system with a velocity of about thirty miles a second, while 
the star Gamma Leonis is approaching 11s at the rate of 
about twenty-four miles a 'second. The average speed is 
about ten miles per second. 

Prof. Keeler, using the magnificent instrument of the Lick 
Observatory, has determined the motions of some of the 
nebulas in the line of sight, lie finds that the CJreat Nebula 
of Orion is moving away from the earth with n velocity of 
about ten miles per second; another nebula seems to be re- 
ceding at the rate of thirty-eight miles in a second. It is 
difficult to think that nebula} can move through space with 
these enormous velocities, until it is remembered that the 
finest particle of matter can travel th rough a vacuum as 
easily as a solid mass, 

In 1889, Professor Pickering found that one of the lines 
in the spectrum of Miznr, .the middle star in the tail of the 
Great Bear, was doubled at intervals of fifty-two days, k 
was therefore concluded that die star consists of two very 
close together, and having the same kind of spectrum. If 
the pair of stars faced the earth and were in relative rest, 
a simple spectrum would be observed at all times, for one 
set of lines would overlap the other. But the periodic 
doubling of the lines testifies clearly to relative motion. 
When one of the pair is moving towards us, the other is 
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being swung away from us. The approaching body has its 
spectrum-lines displaced towards the violet end of the 
-spectrum, while the lines of the receding one are displaced 
n the opposite direction. A separation of the lines is 
therefore seen. When, however, the bodies are moving 
across the line of sight, no such displacement occurs 
1 wice, then, m a revolution are the lines at their greatest 
distance apart, and twice do they overlap one another. 
The doubling occurs every fifty-two days, hence the time of 
revolution of the pair of stars round the common centre of 
gravity is 104 days. The relative velocity indicated by the 
separation of the lines is about one hundred miles a second, 
that is to say, each star has a velocity of about fifty miles a 
second, i he stars are about 143 millions of miles apart, 
but this is far too small for us ever to see them double by 
means of a telescope. 


Beta Aurigae is another star in which the lines are periodi- 
cally doubled, blit in this case the interval is only two days, 
indicating a period of revolution of four day3, Each star 
has n velocity of about seventy miles a second 3 and the dis- 
tance between them is seven and a half million miles. To 
see Beta Aurigae as a double star we should require a 
telescope about eighty feet in diameter. 


The discovery of spectroscopic binaries is a wonderful 
achievement, and doubtless the number of stars of this class 
will be added to in the near future. 
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CELESTIAL PHOTOGRAPH V. 

The idea of employing the newly-discovered ait of photo- 
graphy for the purpose of obtaining photographs of the son 
and moon was first suggested by the Drench astronomer, 
Arago, in August, 1839. The results obtained by noting 
upon the suggestion were far from being satisfactory. ( >111 
satellite impressed a feeble outline upon the sensitive sur 
face, but all details were conspicuously absent .So disap- 
pointing, indeed, were the pictures that they did not justify 
the continuance of the experiment. About six moult in 
later, however, Dr, Draper, of America, succeeded in gulling 
a representation of the moon’s surface, and shortly after lie 
wrote, “ There is no difficulty in procuring impressions of 
the moon by the daguerreotype beyond tlmt which nrisiiN 
from her motion. By the aid of a lens and a helioslut, 1 
caused the moon-beams to converge upon a plate, the lens 
being three inches in diameter. In half an hour u very 
strong impression was obtained. With another arrango- 
ment of lenses I obtained a stain nearly an inch in diameter 
of the general figure of the moon, in which the places of the 
dark spots might be indistinctly traced" The mclhod in 
very simple. A heliostat, or a sidcrostat, is a mirror con- 
nected with clockwork, which causes it to move in such n 
manner that the light of a celestial object is constantly re- 
flected in one direction If an ordinary camera is fixed 
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pointing towards the north, and a heliostat is arranged in 
front of it, so as to reflect the light of the moon or any 
other celestial body straight towards it, the clock will slowly 
turn the mirror as the body moves across the sky, and thus 
keep the reflected beams in the required direction. The 
luminous image of the object will constantly be visible upon 
the ground glass of the camera, and if a photographic plate 
is inserted, the rays fall upon the sensitive film and leave their 
mark. Instead of an arrangement of this kind, a telescope 
can be used, in which case the whole instrument follows 
the celestial motions, but some remarkably fine results have 
been obtained by using a lens precisely similar to that of an 
ordinary camera but larger. 

The advantages of photography over visual observations 
arc many. To begin with, the human eye, considered as 
an optical instrument, is full of imperfections. It is ex- 
trcmiely rare to find the two eyes of a person exactly alike, 
or to find two people with exactly the same power of seeing. 
Nowhere is this fact more clearly manifested than in 
the records of observational astronomy. Fortunately, the 
photographic plate is unable lo exercise the faculty of im- 
agination, It infallibly records the impression received. 
If the lens of the camera or the telescope is imperfect, the 
image of an object is also imperfect, and the photographic 
picture obtained testifies to the fact. Another advantage, 
of the photographic plate over the human retina is that its 
range of sensibility is greater. We cannot perceive lumin- 
ous vibrations more rapid than those which produce the 
impression of violet light, or slower than those which give 
ub the sensation of deep red light, whereas an ordinary 
photographic film is sensitive to vibrations within our range, 
and to others far beyond it which are utterly powerless to 
produce any visual effect, Further, a peculiar advantage of 
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the photographic plate is its ability to accumulate impres- 
sions. The human eye soon tires, the best view of an ob- 
ject being generally obtained at first sight. With a sensitive 
film, the reverse is the ease, The light of an object may he 
so faint as to be unable to he grasped by any observer with 
any telescope. It may not leave any mark upon the photo- 
graphic plate after beating upon the sensitive suifate fur an 
hour, but let the action continue for a longer time, and that 
which was invisible will be revealed. There seenn to be no 
limit to this accumulative effect. Apparently blank spaces 
in the sky have been shown to be filled with stars and faint 
nebulosities telling of the infinite extent of tlm universe. 

Celestial photography began with the obtaining of 
pictures of the moon, so it may be its well hrielly to mention 
the chief work which hits been done in this direction. 
After the discovery, in 1K50, of surfaces inure sensitive to 
light than those used by Anigo, lunar photography grew 
apace. In 1857, Warren De I,n kite, un Knglish iisiioiionier, 
began to produce detailed representations of the lunar 
surface, which have rendered his name immortal. Numerous 
pictures of the moon an inch in diameter were obtained, ami 
many of them were afterwards enlarged up to sixteen 
inches. The fine sensitiveness of the photographic film cm 
ployed is shown by the fact that instantaneous pictures of 
the full moon were obtained, and an exposure of imly 
twenty or thirty seconds was sufficient: to produce a beauti- 
ful picture of the crescent moon. lincli of Dc J,u Rue's 
photographs is a work of art, and the many details they 
contain give them a high scientific value. They dearly 
demonstrated the applicability of photography tit the 
celestial bodies. While l)c La Rue was working in 
England, Rutherford was producing excellent pictures in 
America. Dr. Henry Draper, the sun of the distinguished 
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physicist to whom reference has been made, then took up 
the matter and obtained some beautiful photographs of our 
satellite. Though many astronomers photographed the 
moon after Draper, little was added to our knowledge 
until 1889, when the large instrument of the Lick Observa- 



Flg. 35, A i>orlion of Iho moon. From a photograph taken by tho 

Brothers Henry, at Paris Observatory. 

tory was brought into requisition. The image of the moon 
produced by the great lens has a diameter of five inches, 
It is only necessary, then, to place a photographic plate so 
that this image falls upon its sensitive film in order to obtain 
direct pictures qf our satellite. More beautiful photographs 
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than those obtained under these condition!! can hardly he 
desired. Fig. 14 is a copy of one of the pictures, h'lnln 
an examination of the best pictures yet taken, I'mf. 1 1 olden, 
the director of the observatory, concludes thill parallel walls 
on the moon, whose tops arc no more than two hundred 
yards or so in width, and which are not more than alioill 
one thousand yards apprt, are plainly visible. .Some photo- 
graphs of the moon taken by Messrs. 1 'atil and Prosper 
Henry of Paris, in the beginning of i8yo, are even more 
remarkable than those produced by the astronomers til’ the 
Lick Observatory. The moon’s image, instead of falling 
directly upon a photographic plate, was caused to traverse 
a second lens which magnified it fifteen limes. The 
magnified image was then photographed in parts, though, 
of course, it would be possible to obtain a picture of all the 


parts at one exposure, if a very large photographic plait, 
were employed. (Fig, 35.) 

There is no doubt that enlarged photographs of our 
satellite are\ capable of affording more information regarding 
its surface than can be gained by years of diligent observa- 
tion, while their multiplication at different epochs will 
enable astronomers readily to detect changes of it compara- 
tively minute character in lunar formations. 


Photography has revealed many of the secrets of solar 
constitution. With an instantaneous exposure, a sun- 
picture is obtained which records the exact positions ami 
extent of all the spots and markings upon the sun’s visible 
surface. Such photographs give definite knowledge of (he 
fluctuations of spotted area from year to year; they are 
above suspicion,’’ and therefore provide the best means of 
accurately determining the speed of the sun’s rotation, ami 
of tracing the birth, life, and death of individual spots. 
And, greatest boon of alt, these unbiassed records can lie 
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referred to at any time. Dr. Janssen of" the Meudon 
Observatory has brought the photography of the sun to a 
high state of perfection. With an instrument five inches in 
diameter he produces pictures showing much of the fine 
detailed structure of the solar surface as is seen under the 
best conditions with the eye. The accompanying il- 
lustration is from one of the marvellous pictures taken by 
this observer. It shows a sun-spot broken into fragments 



Eig. 36.— Group of suu-spots and the neighbouring solar surface. From a 
photograph taken by Dr. Jmiascn, at Meudon. 

by terrible convulsions, Round the spots can be seen the 
converging filaments forming the penumbra, and shooting 
over the large spot is a bright bridge of a kind often ob- 
served. The Bolar surface is seen to have the granulated 
structure, to which reference has previously been made, and 
parts of it appear hazy. The latter appearance is not due 
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to any instrumental or photographic defect, hut is found 
upon each of a series of pictures taken in succession, and 
therefore belongs to the sun. These hazy areas or smudges 
change in appearance and position much more rapidly than 
sun-spots, an interval of an hour being sufficient to show re- 
markable differences. Professor George ft. I lule, of Chicago, 
has recently obtained marvellous results in solar photo- 
graphy. By a device which it is beyond our limits to 
describe, he obtains on a single picture all the prominences, 
sun-spots, and faculte in existence at the time of exposure. 
The photographs show that sun-spots are only the visible 
portions of much more extended regions of disturbance. 

Photography was first applied to the eclipsed sun in 
1842. By means of pictures taken at successive stages 
during the eclipse of i860, the prominences were proved 
to belong to the sun, and photographs of the corona 
taken at widely separated stations showed that this Imlo of 
silvery light is a solar appendage, and not n phenomenon 
produced by our own atmosphere, A significant fact with 
regard to the development of eclipse photography is dial 
the work of both the English expeditions which set out to 
view the total eclipse of the sun on April 1 5, 1893, was to ob- 
tain photographs showing the structure and extent of the 
corona, and photographs of the coronal spectrum, visual 
observations being left out of count altogether. 

A few fine photographs of planets liavo been taken by 
different astronomers. With the Lick Observatory telescope, 
pictures of Jupiter have been obtained showing many of the 
markings upon his disc, and Prof. Pickering lias also done 
excellent work in this direction, but it can hardly lie said 
that the pictures are anything like so perfect as lliosc of 
the moon and sun. 

Dr. David Gi|l, of the Cape Observatory, obtained -Severn) 
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splendid photographs of the Great Comet of 1882, and the 
accompanying illustration is a copy of one of them. It 
will be seen that the stars are all elongated in one direction. 
The amount of elongation represents the distance through 
which the comet moved during the time of exposure. 



Fig. 37* — I ‘holograph of the Great Cornel or 1862, obtained nt the Capo 
Observatory by Dr. Gill. 


Comets, as we have before remarked, are celestial vagabonds. 
They have no fixed abode upon the vault of heaven, but 
wander from point to point. Dr. Gill wished to photograph 
the comet, so he followed it up with his telescope, keeping 
time with it instead of the stars, Photographs of other 
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comets have been taken, but there 1ms been no opportunity 
of obtaining pictures of such a large object as that wi.ci 

appeared in 1882. t , 

A photographic register of a comet would be .invaluable 
for the computation of the orbit, and for an intelligent study 
of the marvellous changes which take place in the body s 
head and tail as it approaches and recedes from the sun. 

The last two or three years have witnessed a new de- 
parture in celestial photography. The astronomers of the 
Lick Observatory, and Dr. Max Wolf, of Heidelberg, have 
photographed a number of 'beautiful pieces of celestial 
scenery by means of a lens, precisely similar to the lens of 
an ordinary camera, but larger, being about thirty inches 
long and five inches in diameter. Such lenses have the 
advantage of taking in a much wider expanse of sky than U 
possible with a telescope. Dr. Wolf has accumulated faint 
impressions upon his plates for so long as twenty-four hours 
by exposing the lens to the same portion of the sky on 
successive evenings. On one of these long- exp os ure photo- 
graphs a luminous trail was observed, which proved to be 
the trail , left by a meteor us it shot across the field of view 
while the sensitive plate was directed heavenwards. An 
examination of another photograph showed the existence of 
a short luminous line. This turned out to be a minor planet, 
whose movements among the stars during the time of ex- 
posure had caused it to be registered as a line instead of a 
point. A new method of discovering minor planets was 
thus opened up, and astronomers have not been slow to take 
advantage of it. 

Attempt to draw a patch of mist lying over a water sur- 
face in the evening or a thin bank of fog, showing not only 
the extent of the haziness but the light and shade of its 
parts, and you will obtain an idea of the difficulty of ac- 
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curatcly delineating the masses of celestial haze known as 
nebulas. From 1659, when Huyghens published the first 
drawing of the Great Nebula of Orion, to 1880, when Dr. 
Diaper took the first photograph of it, one observer after 
another has attempted to reproduce its ghost-like structure, 



1# ' iBi 38.— The Great Nebula of Andromeda. From a photograph by 
Dr. Isaac Roberta. 

and the results are often so different that it is difficult to 
believe that the same object is represented. Dr. Draper's 
results showed clearly that much was to be expected from 
photography ns a nebula-artist, and a picture obtained by 
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Dr. Common, in 1883, proved the art worthy of tire trust 
which was put in it. Details and extensions of the nebula, 
which had been unknown, were revealed by his photo- 


8 Dr Isaac Roberts was the next worker in this field of in- 
quiry It was he who began to take the long-exposure 
photographs which mark an epoch in the history of celestial 
photography. A photograph of the Orion nebula taken 
with an exposure of four hours shows twice as much 
nebulosity as that exhibited in Dr. Common’s pictures. 
Unaccountable dark lines or rifts which had been seen on 
the side of the Great Nebula of Andromeda are shown by 
Dr, Roberts’ photograph of the object to be divisions be- 
tween rings of luminous matter, extending completely round 
it, like the rings round the planet Saturn. 

In 1885, the Henry Brothers obtained fine photo- 
graphs showing nebulous material round some of the 
Pleiades cluster of stars. A year later, Dr. Roberts, by 
means of a photograph taken with an exposure of four 
hours, showed that the whole of the stars in the cluster are 
immersed in nebulosity, whereas not a trace of this cloudi- 
ness can be seen with an ordinary telescope. It would take 
up too much space to enumerate the valuable results 
which this astronomer has obtained. Clusters of stars of till 
description, and nebulte of every kind have been forced to 

register their forms upon his photographic plates. He lias 

done much ; still more can be confidently expected. 

Nearly a quarter of a century ago, Dr. Rutherford pointed 
out that photography could be applied to the mapping of 
the stars. The idea lay dormant until Dr. Gill’s photograph 
of the comet of 1882, showing numerous stafs down to the 
ninth magnitude, and some remarkable photographs taken 
two years later by M. Henry, and showing starB down 
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to the sixteenth magnitude, revived it. The success clearly 
indicated that nothing was wanting but the co-operation of 
astronomers nil over the world to construct a photographic 
map of the whole sky. A congress composed of fifty-eight 
members, and representing sixteen different nationalities, was 
therefore convened at Paris in 1887. It was then decided 
to prepare a photographic chart of the heavens, the stars to 



be photographed down to the fourteenth magnitude. Each 
separate picture will contain the stars in an area of four 
square degrees, and each star will appear upon two pictures, 
in order that any spurious spots accidentally produced by 
specks of dust can he discriminated. Before the map is 
completed, about twenty-two thousand plates will have to be 
exposed, each for about nn hour, to the sky. Previous to 
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turning a plate to starlight, it is exposed to rays trans- 
mitted by a glass screen upon which a reticulation or 
network of lines is drawn. Faint lines are thus impressed 
upon the plate, the distance from one line to the next being 
one-fifth of an inch. After a plate has been marked in this 
manner, it is exposed to the stars and then developed. The 
stellar images thus appear together with the network upon 
the resulting pictures j so the positions of stars with respect 
to the intersecting lines can be very accurately determined. 
It is estimated that about twenty millions of stars will ap- 
pear upon the plates exposed, so as to take in all those 
down to the fourteenth magnitude. Another set of platen 
have to be exposed for a shorter time so as to include stars 
to the eleventh magnitude only, the number in this case 
being one and a half millions. These plates arc intended 
for the formation of a catalogue containing all the stars down 
to the eleventh magnitude. They have not merely to be 
exposed to the sky and developed, but each stellar point 
which appears upon them has. to have its exact position 
afterwards determined. Though the work is well advanced, 
it can hardly be completed before the end of this century. 
It will be a fitting termination of a century so rich in 
astronomical discoveries. 

If nebulae are considered to be the starting-point in 
the life-history of worlds, their growth can be traced in the 
manner referred to in the preceding chapter. When wu go 
into a forest and see the brave old oaks which have stood ill 
their might and majesty for hundreds of years, side by aide 
with the saplings and the plants just sprouting from acorns, 
we know at once that the different forms represent different 
stages of development. Reasoning in this manner, Herschel 
concluded that the various forms of celestial bodies arc the 
result of different ages, and that every world has been 
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fashioned out of the misty material we call nebula;. Photo- 
graphy has been able to afford some information upon this 
matter. The nebula in Orion appears to represent the con- 
dition of things when “ the earth was without form and void ; 
and darkness was upon the face of the deep.” Dr. Roberts’ 
photograph shows that in the nebula of Andromeda we 
have a more symmetrical arrangement of matter. Round 
the bright nucleus are swirls of luminosity, which appear 
elliptical in form on account of their being inclined to the 
line in which we see them. The two small nebula; near this 
“ tumultuous cloud” have very probably been formed from 
it ; they are worlds being called out of a void. A nebula 
such ns that of Andromeda is therefore older than an 
irregular mass like that of Orion. The next stage of de- 
velopment is into a star cluster immersed in faint nebulosity, 
and then into clusters quite free from this " shining mist.” 
Thus, by the aid of photography, we seem to be in the way 
to nil intelligent classification of celestial species, In the 
brond expanse of heaven, we have : — 

“Regions of Jtickl matter, taking form : 
brushes of fire, hnzy gleams, 

CluslcrK nnd beds of worlds, and bee-like swarms 
Of snns, and Btarry streams,” 

ICant and Swedenborg speculated upon the evolution of 
the members of our system, and Laplace developed the 
matter mathematically. These philosophers showed that, 
in all probability, the space included within the limits of the 
solar system was, at onetime, filled with a whirling luminous 
mass, similar, in constitution to a nebula. This rotating 
ball of vapour gradually diminished in temperature, and, as 
it contracted by cooling, the rotation increased in rapidity 
until the centrifugal form became greater than the central 
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attraction, and rings or zones of nebulosity were left behind. 
The condensation of these ring9 produced planetary masses, 
which, by going through similar stages to the parent mass, 
gave birth to satellites. 



Fig, 40.— " Clusters nnd 1>cds of worlds and bce-llko swarms of sunn,* 
From a photograph taken by Dr, Isaac Roberts. 

The planet Saturn is surrounded by rings, which will pro- 
bably break up into satellites in this manner. According 
to this theory, Neptune is the first born member of our 
family, and Mercury is the youngest child of the sun. 
Lockyer’s meteoritic hypothesis does not combat Ibis theory, 
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for ii lms been shown that a condensing swarm of meteorites 
would behave like ihe condensing mass of gas upon which 
Laplace built his theory. There is also another way of 
l< mking ftt the matter, 'The nebular hypothesis begins with 
u readymade gaseous nebula, Lockyer begins at an an- 
terior stage by asserting that the mass of gag is the outcome 
of colliding solid particles. We have seen that the view of the 
conversion of nolmlm into stars and planets can be extended 
In the innumerable worlds distributed through the realms of 
space, though it can hardly he said that our knowledge of 
celestial evolution is of the most accurate character. By 
patient searchings man will obtain a deeper knowledge of 
the mystery of creation, and the light of science shall reveal 
much llial is at present hidden. Let us conclude with a 
ijuolnliim from Lyllon : “ Upon a stratum, not of this world, 
stood the world-born shapes of the sons of Science, upon 
an embryo world -upon a crude, wan, attenuated mass of 
matter, one of the nelnihu which the suns of the myriad 
systems throw off as they roll round the Creator’s throne, to 
become themselves new worlds of symmetry and glory— 
planets and suns that for ever and for ever shall in their turn 
multiply their shining race, and he the fathers of suns and 
planets yet to come,” 
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Moon, 64 ; of Planeu, 98 ; of the Sun, 

24 

Rutherford, 166, 174 
Snros, Tho, 62 
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Schiaparelli, Canals 0? Mars, 84 ; Conner:* 
lion between Meteor Swarm* and 
Comets, 121 ; Rotation Period of Mer- 
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Spectra, ClowIfiCRtion of Stellar, 132, 153, 
159 ; of Comets, na ; of Prominence*, 51 
Spectroscope, The, 43; its Use In Observ* 
ing Solar Prominences, 50 ; Its use In 
Determining MoLlon tn the Line of 
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,awkhmcic Binvoh. ^ wtrfo . ate , net . 


See also LP.L and Lillie Library. 

“ ‘ “* ‘ Sue Llhjfliy 


of 


Dloxlanrt (B.), M.A 

Devotion* v 

Bloom (J. Harvey), M.A. S I A K !■,- 
S PEAR K 1 S t» A R I > K N\ lllu«iral«il. 
Fcaf>, Bvo. 3 J. Csf. j leu they , ^ fuf. net. 

See also Antkpmry’.i Dnnkn 
B Toilet (Henri)* Sr,n lUrfflunorH ll« k>k««. 

Lion id m on (T. II.)i M.A, Six TceUmulN 
of Science. 

Bodloy (J. R. C.), Author of* Ermine,' T 1 1 K 
CORONATION OF KDWA K l> VI I. 
Demy Bvo. an. net. IJy Command nf thu 
King, 


Body (George). D.D, THE SOUL'S 
PILGRIMAGE ; Devotional Koadiny/t 


from hln writings. Selected by j. If. Hcmin, 
B.D..F.R.S, K. Demy 16mm uf.fi it. 
Bona (Curdlnnl). Seo Library of Devotion. 
Boon(F. C.). Sco Comniorcinl Sriiefl. 


Borrow (George). See Lhilo Library. 
Uo«_(J, Ritzemn). AGRICULTURAL 


ZOOLOGY. Translated by L 11 . Aims, 
wouth DAvta, M.A. With 153 I Hum rail tins. 
Cr. Bvo, Third Edition, M 
Dotting (C. a.), D.A. EASY tlRKRK 
EXERCISES. Cr. Bvo. as. Sno iiImi 
J unior Examination Scrien. 

Boulting; (W.) TASSO AND illft TIMES. 
Willi a+ iHualrationa, JJemyHvo, lor, (ij, 
net. 

Boulton (B. SO, M.A. GEOMETRY ON 
MODERN LINES, Cr. Ctv. vr. 


Boulton (William ILL THOMAS 
GAINSBOROUGH With 4 u 111 u mm 
lions. Demy Bvo. 71. 6d. net, 

SIR JOSHUA REYNOLDS, JMLA, With 
49 Illustrations. Demy Bvo. 7 j. Ctf. net. 
Bowden (B. M.). THE IMITATION OK 
BUDDIIA: Doing Quotations from 
Buddhist Literature for each I>ny lu Hie 
Year. Fifth Edition. Cr. ibruc. a t,(ni. 


' Tm: 


--- SeccHri 

Edition, La rgt Crcm n S r<\ 

Boyle (W,). CHRISTMAS AT THE ZOO. 
With Veraea byW. B0YM5 and Colon rrd 
Picture* by H. B. NkilSON. Svfer Eoytft 
16/Uo. os. 

Brabant fF. 0*), M.A, Soo Mllln Guides. 
Bradley (A. a.) ROUNDABOUT WII.T- 
SHIRE, with 30 Illtist ral Ions of wlildi 
T^oro In colour by T.^Gotc 11 . t>. Orw. fir, 



cm Introduction, by II uwVv Lf aci i \vh 1 1 
34 Portrait*. Awyfi Ml ?lt Q d. Hit. 

A Colonial Edition La alto published. 



General Literature 


Urnllalord (II. NA MACEDONIA: 
ITS RACES AND ITS FUTURE, 
1 11 ufiiraCoil . DcmyBva. i«. (5 d. net, 
Brodrlck (Mnry) and Morton (Andoroon), 
A CONCISE II AN J SHOOK OF EGYp. 
TT AN AROlDEOLOOY. Illustrate^ CV. 

8 m. 3 f, Oth 

IWyoka (II. U,) t ILSc. See Textbooks of 
] edmolop y, 

l)rnukd(ll. \V.). .See IJyzaiillna Texta. 
Brown (p 11.) T, [„!>,, F raacr Profesaor of 
AnoirniLSconish) II jsuiry :it (lie Uidmsity 
of Mintmri:li. SCOTLAND IN THE 
1 1 ME OF iiUKm MARY. Dewy lv o. 
7-f, fut. nr/. 

Brown (S. II A M.A., Camli., Tl.A., II.. So., 
London; Senior Science Mauler nt Uiininn- 
School A PRACTICAL Ciuiilifi- 
IkYNO l K-IIOUK. FOR MATRICUl.A- 
1ION AND ARMY CANDIDATES: 
Ka^iku Exj'KHIMunih on tiiii Commonkii 

•Suiihtanckh, Cr. 4/0. U, Cut. net, 

Drown o (S3r Thomas), See Standard 
Libraiy. 

"'TJV.'Fll t »e i in art or 

J A I A N , 1 11 n h t ru led, V 'hint Ju/j /ion. 

Li- HtV. fi.r, ; also ])enty Bvo. 6,i, 
Itrmvnli.fr (Robert). Kte I.iulo Lliimty. 
llnch | ui , ,| (Prandu T.). CIJlilOSmiiK 

E R K A1, mSTORV. Illnxtruici) 
l>y 11, 1J. Nmr.Bim, Cr. Bt/o. 3 s. 

“I'fj*; MO, ItUlIlHSN or 

LNCJELA . r\ Halkut-kplu. Second JuiitioH. 
Cr, flrv, q.r. Ctd. net. 

KINIjS IN BABYLON. A Drama, Crown 

I'T’fl. 1 J, «<•/, 

HEART: A Mystery Piny. Fifth 
hdriton, Cr, Tb'/i. u T net, 

TIIK GODS OF 
I H E I'.GVI MANS, With ovor ioo 
Colimrcrl J Mules lunl many I Hum rations. 
C im / ofmuts. Hoy a/ 0 W . / 3> 3 r. tie /, 

UuIbIOL Munnne), TITK MOTOR YEAR 

A w mVt V, automoiiiubth' 

ANNUM, KJK ipuft, Denty Bvo. is. Cut. 
net, * 

non AND 

O U R St 1 1 , J J 1 1 1 , US, Second Jufition. 
Cr. II/T7, 6r, 

n ll I loy ( Min k ). Sea T.tnly nilko, 

D, *nyfin ( J oliii), THE IMLGRIM’H PKO- 
DRESS. Edited, with mi 1 nt rod net Join 
tv c - H. , > iMTii, M.A. Willi w JlhiHirn- 
Uim* by U. Aumtm Riir.j,. f>, Cm Os. 

Srn rdsr> Library uf Devotion mid 
Standard Library. 

^^dlDl. J.) M.A., F.Il.S, A MANUAL 
Ob ELECT RICA 1, SCIENCE, llluu- 

Iratcil. Cr. Hm. 

'"'•■KeaMdoIotO, (lOOI'H AND HOW TO 
III'. I I'.M. llluiitraieil. A’mn/l.tn. 6s. 
}urko (IJJinund), Heo .Hliuuhrd Lll.mry, 
burn D.J Utclor at Hiindaworlh 

mill Prdiemlnry of Lichfield, 
bee Handbooks of Thaolnuy, 


B Ma ^ THB CHURCH- 

MAN b TREASURY OF SONG. 
Solcclod mul TsUlltcd by. Fcop Bvo. 3 j. Gd. 
net. See nlso Library ofDovoilon, 

c,) * ripcords and 
REMINISCENCES. Willi n I’ortroit by 
JJ. V. , IIbrkomwh. Cr.Bvo. Fourth and 
Cheaper JU h {ton, dr. 

A Colonial Edliion ia nluo publlalicil. 

U urn a (Robert), THE POEMS OF. Eililinl 
byANnmtw Lang mid W. A.CHAimii. With 

I or trail. Third Kdition. Demy Bvo. tilt 
lof. 6 s. n 

U, l1'!*vl!S ( 'X*, .!.’•)> OLD TESTA- 

5Emn,I: IIH1 J ,RY l ' 0R USIi IN 
SCHOOLS. Seconti Edition* Cr. Bins 
3 . t . Cut, 

Hurton (Alfred), Sen LP.L. 

Busaoll (P. \V.L DJ3., Fellow nnd Vico 

^iiSte.r 0 v f xr r ^, c,l0flQ Col leyo , Oxford. 
C nUbi AN THEOLOGY AND SO- 
CIAL I ROGRESS : Tlia Itnmutun 
Lacturoi for 1005. DanyBvo 1 ns.Gif.net. 
Butler (Joseph). Sao Standard Tdbrary. 
CnldecQtt (Alfred), D.D, Seo IIamll>ooks 
of Iluioluuy. 

CnldorwotMl (D. SA IIoQdnuwtorafibcNor- 

i l l!} 1 or ) ( A li<l r i,r lf h ' test cards 

m EUCLID AND ALGEBRA, In tlirea 
jwekcts of 40, wilh Answera, u. each. Or 
ill tlireo IliKikn, price vd. s arf., nnd yi, 
Cainlji-IJfofAJnHMra, Cross], THIRTY 
YliAKS IN AUSTUAUA. Dewy flw. 
?r. Cut. 

Cimnliiir (Clporflo). Sco J.iule Library. 
Cupey 03.P. tC). Sco Oxford IHo^rapbles. 
Cnruleafl (John). See LP.L. 

Cn i Tu K ™KN CH 

li EVOLUTION. FxJilod by C R. 
jF'-MTCnuii, Hellow of Mapdalon Collet's, 

-mmmt ThiAi’?.* l ™ UMn > Ct *. ifij. 
XIII 1 , LIFE AND LETT1CRS OF OLIVER 
CRt)MW J 0LL. With nn Inlrodlictlnu 
by C. II. Fihtji, M.A., nnd Nolwi nnd 
Appendices by Mrs. S. C, Lomas, Three 
l oft i we j, Dewy Bvo. i8 s. ml, 

and A. J.)j M.A. SoeLendera 

CU t ti A?u?J?l&'> un d Roberta (M. H,). 
Jl^ fMAKiNO IN THE MU) LANDS, 

J AS 1 AND PRESENT, With iC full- 
jmiifl IlliisirmluiiB. Cr. Bvo. ’u.Qd, 
CUaninun (S. J.), See Hooka on Hurtinosa* 
Uiattorton Criiomqfi), Sea Standard 
L .ibrury, 

Chcaf erf fold (Lord), THE LETTERS OF. 
IO II I S SON, Edited, with nil Introduc- 
tion by 0, Sthaciiky, nnd Nmea liy A. 
UAJiTiiitor, 'J'w) Foluwes. Cy.PsVo. i it. 

ChofitprtoiirtLK.). CHARLIE DICKENS, 
Wiih twoPorlrnUaln plioloumviire. Fourth 
Juiition, J)enry Br/o, 7/. w, net. 

A CMlonlnl Edition h also pubHnhod, 
Chlfdo (Clin riot) P,), 1I.A. L K.R.C.S. TIIE 
CONTROL OF A btoUROE : Oh, 
Jlnw Cahchr la Cuhaulb, JJfiuy Bvo. 
7s, net. 


Messrs. Methuen’s Catalogue 


chrUMan (P. W.)< THE CAROLINE 
ISLANDS. Wilh many lllustrationi and 
Mnpi. Demy 8 vo. its. 6d. u*l. 

Cicero. Sea Clascal Translation!. 

Clorkfl(F. A,), M.A SceL^dtnofRoH^n 

riniiicn ffleorire). A.R.A-, R. W.b. aim a 

C AND ibEALS IN ART l Eight Lectures 
delivered to the Students of the Royal 
Academy of Arts. With 32 Illustrations. 
Second Edition. Earn S s 'J l . et \ 

SIX LECTURES ON PAINTING, First 
Strict. With 19 IlliisiraLioiiB. Third 
Edition , Large Post Em 2 s - 6d, net. 

Clenther (A. L.). See Wagner. 

Clinch (Q.). Sen Little Guides. 

Clough (\V. T.). See Junior School Boom 
and Textbook* of Science, 

Clou, ton (T. S.). M.D., C.C.D., F.R.S.E., 
Lecturer on Mental Disenae* »n lho Uni- 
versity of Edinburgh, THE HYGIENE 
OF MIND. With 10 Illustrations. Fourth 
Edition . DanyBvo, 7s, Gd.net. 

Const (W. Q.). B.A. EXAMINATION 
PAPERS IN VERGIL. Cr. Bvo. 2r. 

Cobb <\V, F,) r M.A. THE ROOK OF 
PSALMS : with a Commentary. DcmyBvo. 
ior. 6d. net, 

Coleridge (S, T.). POEMS OF. Selocted 
and Arranged by Aktjiur Symons* With 
o photogravure Frontispiece. Fca/. St/<j. 
?i> 6d. net. 

Colllngwood (W. 0 .), M.A, THE LIFE 
OK JOHN RUSKIN. With Portmita. 

Edition. Cr. Bvo. sr. 6d, net. 

Collins (W. E.), M.A. See Churchman's 
Library. 

Colonna. HYPNEROTOMACHIA POLL 
PHI LI U 1 U HUMANA OMNIA NON 
NISI SOMNLUM ESSE DOCET 
ATQUE OBITER PLURIMA SCITU 
SANE QUAM DIGNA COMMEMO* 
RAT, An edition limited to 350 copies on 
handmade paper. Folio. ^3, 3a. net. 

Combo (William). SmI.P.L. 

Conrad (Joseph). THE MIRROR OF 
THE SEA: Memories and Improsaionn. 
Third Edition , Cr. 87/0. 6r. 

Cook (A. MA, M. A . . an d Marchnnt (C. BA 
M.A. PASSAGES FOR UNSEEN 
TRANSLATION. Selected from Greek 
And Latin Literature, Third Edition, 
Cr, St- j. 3 s. 6d. 

LATIN PASSAGES FOR UNSEEN 
TRANSLATION. Third Edit ion. Cr. Bvo, 
ir. (ni. 

Cooke-TnylorfR. W.). THE FACTORY 
SYSTEM, Cr, Zvo. 21. <W, 

Corelli (Marie). THE PASSING OF THE 
G R E AT QUEEN, Stco nd Ed. Fca p. sio, 1 s. 
A CHRISTMAS GREETING. Cr.stV. it, 

Corkmn (Alice). See Little Books on Art. 

Cole* (Everard). SIGNS AND POR- 
TENTS IN THE FAR EAST. With** 
Illasiratloni. Second Edition, Demy Bvo. 

6 J. net. 

CotM (Rosemary). DANTE’S GARDEN. 
V^nh a Frontispiece. Second Edition, 
Foap. Bvo. 21. 6d.i feather, 3 r ( 6d, rut. 


BIBLE FLOWERS. With n Fronllfipfocn 
anti Finn, P'cap. Bvo. cr. ini. tiff. 

Cowley (A brail nm). Sec I.itllo lilbmiy. 
Cowper (William), TH 10 POEMS Oi ■ 
Ktfi led with nn Introduction <1 ml Nn <ts , liy 
f. C, BAiLiiV, M.A. llliiftiriittulj Iiiohulmi' 
two unpublished designs by Wii.iiam 
JIlakk. Demy iot.iid.nri. 

Cox (J. Charles), l.LU, KS.A. Liub- 
Guide/:, Tho AnlKjnnry'H Hooku, uml Ancicnl 

Coi"'(Hnrold) 1 lt.A„ M. 1 *. I.ANH 
NA^IONAf.lSATION AND t.A.Nl; 
TAXATION. Second Edition revised. 
Cr. Bvo, 3 s. Gd, net. 

Crabbo(Ocorffo). See Iilttle Library. 
Cralffle(W. A.). A PRIMER OF IUJKN:.- 
Cr, Bno. as. 6d, 

Crnlk (Mrs,). Sdc Little Library. 
Crnoc(Cupt. C. 1 M. Sco Lhlln Gulden. 
Crnehaw (Richard). Sen Lillie Library. 
CraWord (F- CL). Sec Mury C. ItaiiMiii. 
Crofts (T. R. N.)< M.A. See Sluiplifii-tl 
French Toxta. 

Cross (J. A,), M.A. THE FAITH OK 
THE BIBLE. Fcafi, Bvo. r. tuf. net, 
Crulkfihnnk (G.). THE LOVING I t A 1 . * 
LAD OK LORD BATEMAN. Willi 11 
Platon, Cr. i6rmr. it. Or/, net, 

Crump (B.). See Wncuer. 

Cunllrfo (Sir F. H. EG. Fellow of All S.ml . 
College, Oxford. THE HISTOkV OK 
THIS BOER WAR, Wjih many Him,- 
trade ns, Plana, nml Porlrnitfl. Jn u rv'/n 
Quarto. 15 r. each, 

Cufiynghaiue (H. H.), C. H. See 
icur'nJdhrnry. 

Catts (U. L.) r See Lcudcrn of Rfilij’lun. 

Danloll (a. W.), lit. A. Sou I^entlciK of 
Rallgiuru 

DflTLsan (Mary C,) find Crawford (lb fl.L 
FATHERS IN THE FAITH. 

Bvo, it, 6d. 

Dante. LA COMMEDIA I>I DANTK. 
The I tnlinn Tcxteditctl by l 1 At Her Toy jjiiit* 
M, A, . I), Lilt, Ci\ Bvo. 6r. 

THE PURQATORIO O V D A N T l ' , 
Translated Into Spanherlim l'lfjari liy C\ 
Gotukin W«igiit. WJ1J1 the Iiulimi text. 
Fca/. Bvo. it, Gd, fief. 

See fil fiq rngel Toynbee, Little J.lIiNiiy, 
Standard Library, nml Warron-VemiiN. 
Dnrley (Ocorge). See Lhlto Library, 

D* Arcy (R. FA. M.A. A NEW TUI l ION - 
OMETRY FOR BEGINNERS. With 
numerouft diaarnnur. Cr. Bvo. at. Cnti 
Davanport (Cyril). See Conuoinseur'* 
Library ruid Little Book« on Art, 

Da vey (Richard). THE PAGEANT OF 
LONDON With 40 Illustrations in 
Colour by John Fulujylovh, ILL hi l\n* 
Va fumes. Demy Bvo. isx. net. 

DnvLfl fH. W. C.;, M,A,, Follow nm] Tiilor 
of BalHol College, Author of 1 Chnrlejimuiiti.' 
ENGLAND UNDER THE NORMANS 
AND ANGEYINS : 1000-1372. Willi M 
and Illufllrationa, DoiiiyBvo. ior, &/, net, 
Dawson (NeTaon). SccGonnoSeseur’e Library. 


General Utkkaturk 


Dmvrtnpi (Mn. N.). Sr,n MiMn lloiAn on 
AM. 

l)r<ino (A , C.)i l!ro Mull* Mhrniy. 
IK’iirniLT (MithtT). A < 1 1 1 l.M S 1,1 FK OK 
(TIKIST. Willi H lllh'iiMtii.un in Coli.nr 
l»y K, FiuifiTMloii'UimjKHAt.i!. f,nrgil'*\ 
Hr.'. 

I)i)IIiim(i.loii). run mktkKj syktkm. 


DciiiuMliiin.'*. AGAINST CuNi IN AND 
CALUI'M'S Kdiird hy I'. IMinvin 
Swire, M.A. Second Ddition, Saif, 

Ht'i", vr. 

Dickon* (ClmrlcM. Sit Little ] .ilirnry , 

1J\ and < hr-.tn (|I|| . 

UkkliMiin (liliilly). I'OKMtt. O'. Ht%*. 

tut. net, 

Dicklnnon (in I.. )> M.A., Knllnvv of ICinir’n 
fnllrjT, r.uuhinb'c, THK GKK.KK 
V1K\V (IK I, IKK. .Sixth it bn, (V. 

(i ■■■.». vi, t.,i, 

DllkuO .Mily )* lliillvy (Mhnl, nml Whitley 
(lUInrt). WdMKN'S WUKK. (>. Hrv, 
vi, I'd, 

Mlltun (Hihvrmlh NrpriiimitKr.nn'n hlhriu y 
mill hi Mb' I In'll,'; nu Ai|. 

I il nii lli'M (in II.), M.A., K.K.A. THK 
srnuv i > K ullli KNGhlSIl TOWNS. 
With ;m Iiiii*hIvi, ilmi hy Amur/ms 
f i:: :.iii r, I >. 1 », ,\n.*n t / Sdilioft. tV T fcv. (jf . 

i mu r.NiiniMi chstoms; Kxiuni m 

ill*- Pm'-ciiI Tlmr. t'i,|lry. (if, 

KNGhlSIl VIU.AGKK. lllihit.iUil. Second 
lidition. (V. Iff i*. i/I. fid. net, 

THK 1* AIM Ml CI.r.K K. \Yhh u 
lllii'-lhvlinin. DtmyWi'i*, Third Dditiott. 
i\, A i, nrf, 

MIjuiii (W. Mi), M.A, A ITOMK.K OK 
TKN N YS< iN . St, <>»,/ liJitiort. i V. 8tm. 

'J I ■ (id. 

KNGhJSH 1'OKTUV KKOM lll.AKK Tu 
DROWNING. Second tuittn ii, (.V, life, 
vi mi j 

Ditiiuy (Mny)i S<JNGS OK THK KKAh- 
(>. i‘( f\ ,m. Of* urt> 

A Vnlllllii. 1 uf I m iiliti. 

Dijiitflnt (Jnim?*). TIIK MAN IN THK 
run ITT. (V, ilrv>. vi. Of* Hit. 

howikn (il.)i h.h.i l.niil liniinp of Kdlm 
hiiii'h. Scr l!lon< mmm’’i l.lhuiy. 
])rnKu((n), Srn Ilni.Unn Ihi'iJw:^. 
l)rlvcr(S. i{.) ( Dh.JUl,, rum HinfChr l-ii 
OmiO), | ' 1 1 >|rvior Ilf llqhluW 111 till* 

Unlvriiritv I.f OHmd. SKHMONS nN 

kiijukots Conn i.gtkd with tiik 

OhM TKSTAMKNT. O. II lm, <r. 

!Jrr ,\h> i \W.iiiiiluxiffrCjHnmrmi\ur.ii 

Dry (Wiikellnjr). J.hlln OiihlrH, 
Uryhurnl (A, 10). Sm hitth? Ihudium Am. 
Uu lluldrton (J* C,) t MiA* JicoClihrrlilUiiii'fl 
llllltr. 

UtimMil (Clmrlen). See Iluu1t|in» llimlimnn. 
Hiuihin (Alexander). MY MKMUIUih 
Tiulolnlnl hy K.. M, WaI i.miu Willi l'or* 
trihru In Six I'vlUiHti, Cr.WVO. (if. fitch. 
Vi hi me I. 


Uunn{J, T).. O.Si:., mid Aluiulella (V. A.)* 
OKN KK AH KI.KSiKNTAUY HCIKNCK. 
With 1 I llusi » .it ions, .Second JidUiott. 

Ct\ llrii, 3 j. fid, 

Dun^lnn (A. Ih), H.Sl 1 . Srn Jnnlnr School 
on k h nml T'o^tlmukuof ,Selcnec» 

Durlmni (Tho Ilarl of ). A RKl’OKT ON 
i-ANAOA. Wltlt mi Ininnluuiory Note. 
Veiny 4 t. t)d. nrf, 
l)uU(W. A.). THK NOltKOLK HUOADS, 
Wlilt rnlouml IUnhirnlion» hy Khamk 
S nt n i m ai k, (>, Rr'it, fu, 

winn nu n in mast anc.ua. with 

■d llluMrnlioiiN In rohmr hy Khank Sdll iil* 
oa i ic, H.IU. Second Jidition. J)tmy 
7 j, 6</. net. 

Stir, iiluu I.ImIg Guides, 

HitrlofJolm), lllshoimf Snllvhmy, MICRO- 
COSMOGKAI'HIK. nit A ITKCK OK 
TIIK WOULD niSCOVKRKD. Poet 
\()tno, 3i net. 

Kilmumta (Mn|nr J. I!.). Sr.o W. 11. Wood. 
IhlwunlH (ClcmoiU). M,I'. U AT I AVA Y 

NATloNAMZATTON. Second Kdition 
Pad fed. i'tnifH flt'n. ?j. M, net. 
Ildw/mlA (W. Douglnfl). Seo Commercial 
SliilcM. 

IlKon (ITerco). hVnl.l'.n. 

Iluorlun (II. It.), M.A. A HISTORY OK 
IIKITISJI ConONIAl, I'OniCY. New 
a if I C lira per Ihund. Demy ftvo, ?s. lW. net. 

A i.’idniilnl Kditlon In uIko puhiihlicd. 

HI In by (C, (1.), Srn Muln ChildcH, 

Htlurtim (lh (H)» Soo S. J, Simir. 

IHIwmul (thtmma), TIIK HISTORY OK 
THK niKKUK. Kiliicd hy G. CmiMr, 
M,A. ( 0. Tlrd, 6r, 

HpTctolllft. Sen Amelina 

Hrmimun. A llnok rulh'd In lAtln KN- 

umomoN Minms chuistiani, 

imd hi Knitllnh lh«i Mumml of Mm GhrUllun 
Kniitlil. 

hum Mm edition printed hy Wynkcn da 
Wiinlr, p,p|. Aid/, tir'd, 'jr. (nt. net. 
HnlrhrdUtui'OV* 11.). M.A. THK 1'HIT.O- 
HOITIY OK T l . H, UUKKN. .Second 
Ddithu, Cr , 8/m. it. (id. 

Hiirrer (Raulimlil). THK OAUDKN OK 
ASIA. .Second lulitwn. f>. Hm oi. 
lTn(Allnti). .40 Ml'. IIKAUTIKS OKTIIK 
SKVKNTKKNTH CKNTHIIY. Whl, 
ll j Illuiirutloiin. Second Jidition. Demy 
Br r »>g nit, (ut, net. 

Horr , lot , {Niifln(i). Sno Mute l,Uir«ry. 
i ( liiler fl'. ClnxtfnOi M.Insi. C.K. Sro 

Unifies ml llunhicxil, 

HioldlitK (Henry). Hno Kinndnnl Mhrary. 
Plan j,S. W»)i hi, A. Seu Junior Ji'.kiimliinilmi 

Plr(U(J< H.), Sen Ml Mo Guidon. 

Plrth (C. II,). M.A. GKUMWKM.'K 
AKMYt A I IlHtiiry of the Kiijdmh foildlnr 
dnrlio; llm Civil Wars, iho Coiiunouwnullhi 
mid ilia 1 ’ruled unite ■ LV. Rvo* hr. 



Messrs. Methuen’s Catalogue 


Fisher (0. WA 1LA. ANNALS OF 
SHREWSBURY SCHOOL. UlnairMed. 
Demy Bvo. 10s. 6d. , t M 

FitzGerald (Edward). .THE RUBAIYAT 
OF OMAR KHAYYAM. Printed from 
the Fifth and last Edition. With a Com- 
mentary by Mrs. Stekhem Batson, and n 
Biography of Omar by E. D, Rosa. Cr. 
Bzo. 6t. Sec also Miniature Library. 
FltzGeraldfH. P ). A CONCISE HAND- 
BOOK OF CLUMBERS, TWINERS, 
AND WALL SHRUBS. Illustrated. 
Fcap. Bvo. 3jr. 6d. net. 

Fitzpatrick (S. A. O.). See Ancient Cltie*. 
FlecKer (W. H.) p M.A.,D,C.L., Headmaster 
of the Dean Close School, Cheltenham. 
THE STUDENT'S PRAYER BOOK. 
The Text ok Morning and Evening 
Prayer and Litany. With un Introduc 
lion and Notes. Or. Bva. ex. 6d. 

FluxjA. WA M.A., William Dow Professor 
of Political Economy in M'Gill University, 
Montreal. ECONOMIC PRINCIPLES. 
Dewy Bzv, 7 x. 6d, net. 

Fortescuo(Alre. G.). SoeLIttleBooluion Art. 
Fraser (David). A MODERN CAM- 
PAIGN |OR, WAR AND WIRELESS 
TELEGRAPHY IN THE FAR EAST. 
Jllubirnied. Cr. Bv o. 6 1. 

A Colonial Edition is also published. 
Froaer (J. FA ROUND THE WORLD 
ON A WHEEL. With 100 IJlumratlons. 
Fifth Edition Cr. Zvo. 6x. 

Froncli (\V.), M.A. See Textbook* of 
Science. 

Freudenrelch (Ed. von). DAIRY BAC- 
TERIOLOGY. A Short Manual for the 
Use of Students. Translated by J, R. 
Ainsworth Davis* M.A. Second Edition . 
Devised. Cr. Bvo. as. 6d, 

See Churchman’s 

Bible. 

Qallaher (D.) and Stead (\V. J.). THE 
COMPLETE KUGDY FOOTBALLER, 
ON THE NEW ZEALAND SYSTEM. 
With an Account or the Tour of the Ncsv 
Zealanders In England. With 33 Hluitrn* 
lions. Demy Bvo. \01.6d. net. 

Gallic hart (W. M.). See Little Guides, 
Gambado (deolfrey, fisq.). See I.P.L. 

Qaskell (ftlri.). Sea Little Library and 
Standard Library, 

atuquoL fhe Right Rev. Abbot, O.S.B, Sea 
Antiquary a Booka. 

OeorgstH. B.), M A. Fallow ofN.w Colleg., 
feuv «C;\ rLE S °F ENGLISH His! 
vj.y. Y - Pinna, Fourth 

JLJ mon. Revised, .with a new Chapter 
Including the South African War. Cr.uvo 

V. oa. 

A nH?'?i°5M C vb?. E „ < l GRAPHY OF the 

S f,, <& MPIRE - 

a 'iWy $ B^dL^V histori" 


the industrial history i»k 

KNG1AND. Thirteenth. Edit ion. K< 
vised. With Mni>.i mid Pimm. Cr. Uvu. 
ENGLISH S OCI ATi REFORM KK 
Second Edition. Cr. Bvo. at.6tf. 

9eo also Commercial Sorlct* ami R. A. 

Gibbon (Edward). T r JE DECL1 NK AN [ 1 
FALL OF THE ROMAN KM PI K I*.. 
Edited \sHlh Note*, Appendices and hli'l* -. 
by J. B. Uukv, M.Ay Litt.D., Keg In.-. ]'**>- 
fo.seor nf Greek nt Cambridge. Jtr Ssncn 
Volume*. Demy 8w. (Hit top, 8r.<W- r.i. -. 
Also. Cr. 8m 6x, each. 

MEMOIRS OF MY LIFE AND WRI'l- 
INGS. Edited l>y C, JhitKinxK Eui.i., 
LL.D Cr. Bvo. 6s. t 
Sea nbso Stnndnrd Library. 

Oibion (0. C. SA D.D., Lord IlfoM*- <'f 
Gloucester. Sco WcftUnlnslcr Comincti 1 n 1 L; • , 
Handbooks of Theology, and Oxfoul Hi 11 ' 

grnphles. 

GllWrt (A, R.). Soe T.llilc Hooks on Ai l. 
Gloajr (f\L R.j and Wyntt (Knto ftl.L A 
HOOK OF ENGLISH GARDEN d 
With 04 Tlluatrntioni In Colour. JUmy 
8 vo. so5. 6d. net. 

Godfrey (KllzaboUi). A BOOK OK 1*1-- 
MEMBRANCE. Edited by. Frof. U. o. 
ax. 6 d. Hot, 

Godloy (A, I).). M.A„ Fellow of Ulnyiliil* rt 
College, Oxford. LYRA FRlViH.A, 
Third Edition. Ecat, B m ux. Cut. 
VERSES TO ORDER. Second Edition. 
Ecrtp. Bvo. ax. Oil. 

SECOND STRINGS. Fcap. Urn rub 
Ooldemltli (01 Ivor). THE V1CAJI t>K 
WAKEFIF.H), Deaf. y*mo. With n« 
PlntaBiu Pholocrnvnro by Tony Johnimul . 
Leather , as. 6d. net, 

Sao alio I.P.L*. and Standard LSbnn y. 
aoodrlch-Frcor (AA IN A SYRIAN 
SADDLE. Demy Bvo. 7s, Cut. net. 

A Colonial Edition is nl»o puhllalM il. 
QorfltfRt. lion. Sir John), THE CHIL- 
DREN OF THE NATION, AV<,i t,d 

Edition. Demy Bvo. 7 x. Cd, net, 

Goitdge (H. L.) p M.A,, IMncIpnl of W^ll * 
Thaologlcal College, See WesiiulnaicirCoin ■ 
mcnlarioi, 

Grnhfim (P, Andoraon), THE KUUAf. 

EXODuS, tV, 8?^. as, (id. 

Grang-er (F. S.), M.A., Litt.D. PSYCH- 
OLOGY. Third Edition. Cr. 6m as, ini, 
THE SOUL OF A CHRISTIAN, Cr.fivo, ti*. 
Oray(B.M‘Queon> GERMAN PASSACIKS 
FOR UNSEEN TRANSLATION. O. 

6 vo. ox, 6d. 

aray(P. LA B.xSc. THE PUINCI PIJ-IS l W 
MAGNETISM AND ELECTRICITY r 
nn Elementary Text-Book. With iJh 
D lngrami, Cr. Bvp. 3X, 6d. 
ar&en (G, Duoklaml)j M.A.. iale i’cllnw 
of St. John’s CoUoge, Oxon. NOTES ( »N 
GREEK AND LATIN SYNTAX. t>. 

ivo. 31, 6d. 



General Literature 9 


Green (B. T.)j M.A. So® Churchman's 
library. 

Greenldge (A. H. J.), M,A. A HISTORY 
OF ROME : From 133-104 n.c. Demy 
8po, ioj, 6 d. net. 

Grcenwell (Dot'll)* Sec Miniature Library. 
Gregory (R. A,). THE VAULT OF 
HEAVEN. A Popular Introduction to 
Astronomy. IlhifUralod, Cr. 8t w. ai. 6 d> 
UroKory (Mis ft B, C.). Sec Library of 
Duvoilon. 

Grubb ( 11 . C.). Sea Tertbcokfl of Technology. 
Oulnoy (Louisa I.). HURRKLL 
FUOUDH: Memoranda and Coinmonts. 
lIltiHiralcd. Demy too. ioj. 6d, mi . 
(Iwytin (M. L.). A BIRTHDAY BOOK. 

Now mid cheaper issue, Royal dvo. 5J, net 
llatldrm (A. C.), Sc.l)., F.R.S. HEAD- 
HUNTERS BLACK, WHITE, AND 
HKOWN. Wllh many IlluaLrniloafl and a 
Map, Demy 0z>*>, ijr. 

Ilndflold (R. A.) and dlbblne (H, do B.). 

A SHORTER. WORKING DAY. Cr. 
8r’u, 2j. 64 . 

Hull (R. N.) nml Neal (W. Q.). THE 
ANCIENT RUINS OF RHODESIA. 

] Hum rated. Second Edition , revised. 
Demy 8 vo. 10s. tvf. ml. 

Mull <R, N.). GREAT ZIMBABWE. 
Wllh uunmroufl Plans nml Illustrations. 
Second Edit fan. EoyufSw*. 10s.6d.net. 

1 Inmllton (|% J.), D.D. Sec Byzantine Texts. 
Main mend (J. I.,). CHARLES JAMES 
FOX . Dotty too, ioj. 6d, 

Hnnrniy (I),). A SHORT HISTORY OF 
THE ROYAL NAVY, iaon-1688. Illus- 
trated. Demy 8™>, 7 s. 6\i, each. 

Hanmiy (JnmoB O.), M.A, THE SPIRIT 
AND ORIGIN OF CHRISTIAN 
MONASTICJSM. Cr. too, 6s. 

T H K WISTJO M OP THE DIGS ERT. heap, 

too. 3 s. 6d. net. 

I Inrdlo (Martin). Sec Coiinoin-aour'a Library. 
Hnrc (A. T.), M.A. THE CONSTRUC- 
TION OF I.AROEINDUCTION COILS. 
\\ K ItlL luuneroun Diaipninn. Demy too. 6s, 
Nutrition (CJIIIord). READING AND 
READERS. Ecap.too. -j i.Cit. 

Harvey (Alfred), M,ll. Sco Anclant Cities. 
HnwHiomc(Nuthanlel). KaoLiulu Library. 
HEALTH, WEALTH AND WISDOM. 
Cr. 8 00. ir. net. 

Men ill (Prunk UO* Sea Little Gulden, 

1 lentil (l)udloy). See Connoluseitr’ii Library. 
Hello (Ernest). STUDIES IN SAINT- 
SHIP. Translated from the French hy 
V. M, Chawi'OUD. Reap too. 3/. 6d, 
Henderson (B. W*V Follow of Exeter 
Colic no, Oxford, THE LIFE AND 
PUlNcSlPATK OK THE EMPEROR 
NEIiO. Illustrated. New and cheaper 
rune. Demy too. 7s.6d. tul. 

AT INTERVALS, Reap too. or. GA net. 

A 


Henderson (T. F.). See LUtlo Library and 
Oxford Biographies. 

Henley (W. B.), ENGLISH LYRICS. 

Second Edition. Cr. 8 vo. as, 6d, net. 
Henley (W. B>nd WhlbIey(C.) A BOOK 
OF ENGLISH PROSE. Cr. too. &/. 
net. 

Henson (H. H.), B.D., Canon of Westminster. 
APOSXOLIcCHRlSTlANITY : As Illus- 
tmted by the Epistles of Sr. Paul to the 
Corlntbiann, Cr. Bpo. 6s. 

LIGHT AND LEAVEN : Histohical and 
Social Sermons. Cr. too. 6s. 

Herbert (0 00 rg;e). Roe Library of Devotion. 
Herbort ol Cherbtiry (Lord). See Minia- 
ture Library. 

Hewlns (W. A. SA B.A. ENGLISH 
TRADE AND FINANCE IN THE 
SEVENTEENTH CENTURY. Cr. too. 

Hewitt (Ethel M.) A GOLDEN DIAL, 
A Day Book of Proec and Verso. Fcap. 
too. -it. 6 d. net, 

Hoywood (WA PALIO AND PONTE: 
A Hook of Tiucon Games. Illustrated. 
Royal too. au. net. 

See also St. Francis of AshIbI. 

Hill (Clare). Soe Textbooks of Technology. 
Hill (Honry), B.A., Headmaster of tho Hoy's 
High School. Worcester, Cape Colony. A 
SOUTH AFRICAN ARITHMETIC. 
Cr. too. 3*. 6 d, 

Hind (C. Lewis). DAYS IN CORNWALL 
With 16 Illustrations In Colour hy William 
Pascok, and 00 Photographs- Cr. too. 6s. 
A Colonial Edition Is alio published. 

Hirst (F. W.) Sco Books on Business. 
Hoare(J. Dmig-las). ARCTL'IC EXPLORA- 
TION. With 18 Illustrations and Maps. 
Demy too, 7 s, td, net. 

HobhollBo(L. TAFellaw of C.C.C., Oxford. 
THE THEORY OF KNOWLEDGE. 
Demy too. ior. 6d, tut. 

HobBOiHJ, A.), M.A. INTERNATIONAL 
TRADE : A Study of Economic Principles. 
Cr, too, 91. 6d. net, 

PROP LEMS OF POVERTY. Sixth Edition. 
Cr, 8evj, qs. 6d, 

THE PROBLEM OF THE UNEM 1 
PLOYED. Third Edition. Cr.Bw. is. 6d. 
Hodgkin (T.), D,C.L. Sco Lenders of 
Religion. 

Had as on (Mrs, W.) HOW TO IDENTIFY 
OLD CHINESE PORCELAIN. Second 
Edition. Post too. 6s. 

Hofffi: (Thomas Jefferson). SHELLEY 
AT OXFORD. With nn Introduction by 
R. A. Stre at^kilu, Reap. 8 vo. w, net. 
Holdon-Stone (G. do). See Books on 
Buslnoss, 

Holdlch (Sir T. H.)» K.C.I.E. THE 
INDIAN BORDERLAND: beinpr a 
Personal Record of Twenty Years. Illuh- 
irnleH . Demy B no. ioj, 6a, net. 

A Oolonlul Edition is nho published, 
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Holdiworth (\V. 5 .), M.A. A HISTORY 
OF ENGLISH LAW. In Two Volumes. 
Vol. /. Demy 8 vo. lor. 6d. net. 

Holland (H. Scott), Canon of St. Paul’s 
Sec Library of Devotion. 

Holt (Emily). THE SECRET OF POPU- 
LARI TV : Host to Achieve Social Succcgb. 
Cr, Br to. (d, net . 

A Colonial Edition Is also published. 
Holyonko(0. J.). THE CO-OPERATIVE 
MOVEMENT TO-DAY. Fourth Edition. 
Cr. 8t'£>. as. 6d, 

Hone (Nathaniel J.). See Antiquary's Books. 
Hoppuer. See Lillie Galleries. 

Horace, See Classical Translations. 


Horsburffh(E. L. SO, M.A. WATERLOO : 
A Narrative nod Crltlclam. With TLani. 
Second Edition. Cr. 8 vo, jr. 

Sen also Oxford Biographies. 

Horlh(A, C.). See Textbooks of Technology. 
Horton(R, F,) ( D.D. See Leaders of Religion. 
Haslo (Alnxncder). MANCHURIA. With 
Blast rations and a Map. Second Edition . 
Demy 8 vo. 7 s, (nt. net. 

A Colonial Edition Is also published. 
How (F. DA SIX GREAT SCHOOL- 
MASTERS. With Portraits and Illustra- 
tions. Second Edition. Demy 8p 0. it. 6 d. 
Howell <A. Q. Ferrers). FRANCISCAN 
DAYS. Translated and arranged by. Cr. 
Bw, 31. 6 d. net, 

Howell <Q.). TRADE UNIONISM — New 
and Old. Fourth Edition . Cr. Bvo, 
or. 6 d. 


Hudson (Robert). MEMORIALS OF A 
WARWICKSHIRE PARISH, Illustrated. 
DemyBvo. 15 s. net, 

Hugglna (Sir WIlHnm). O.M,. 

D.C.L., F.R.S. THE ROYAL SOCIETY ; 

OKj ScJtlNCS IN THE STATS ANN IN TJlli 
Schools, With 33 Illustrations. Wide 
Royal Bvo, 4*. 6d. net. 

Hughes (C. EA THE PRAISE OF 
SHAKESPEARE, An English Antho- 
logy. WiLh a Preface by Sidney Lub, 
Demy Zvo. 34, 6d. net. 

Hugheo (Thomas), TOM BROWN'S 
SCHOOLDAYS, With rm Introduction 
QJtd Notes by Vehnon Rrndall. Leather. 
Royal 3 21/ to. ss. 6d. net. 

Hutchinson (Horace a.) THE NEW 
FOREST, Illustrated In colour with 
so Pictures by Walter Tyndalb mid 4 
by Lucy Kbmy- Welch. Third Edition, 
Cr. Zvo. 6r, 

Hutton (A, W.) ( M.A. See Leader* of 
Religion and Library of Devotion. 

Hutton (Edward), THE CITIES OF 
UMBRIA, With many Illustration?, of 
which so arc In CoIout, by A, Pisa. Second 
Edition. Cr. 8t 'O. -dr. 

A Colonial Edition in also published, 

THE CITIES OF SPAIN, Second Edition. 
With many llluMratlona, of which 174 arc in 
Colour, by A. W. RimINgton, Demy B vo, 
7-r. Cd. uct. 


FLORENCE AND NORTHERN TUS- 
CANY. With Coloured Illustration* by 
William Parkinson. Cr. Bva, (is. 

A Colonial Edition Ih also published, 
ENGLISH LOVE POEMS. Edited with 
nn Introduction* Fca/>. Bvo. 3s. td. net. 
Hutton (R. H.). Sec Leaders of Religion, 
Hutton (W. HA M.A. THE LIFE OF 
SIR THOMAS MORE. With Portraits. 
Second Edition. Cr. Bvo, 5*. 

Soe also Lenders of Religion. 

Ilydo (A. 0.) GEORGE HERBERT ANI ) 
HIS TIMES. With 32 Illustrations, 
Demy Bvo. 10s, 6d. net. 
liyett (P. A A A SHORT HISTORY Ob' 
FLORENCE. Demy Bvo. ‘js. (nl. net. 
Ibsen (Honrlk), BRAND. A Dramu, 
Translated by William Wilson. Third 
Edition. Cr, 87 to. 3s. 6d> 

Intre (\V. RA M.A,, Fellow mul Tutor of 
Hertford College, Oxford. CHRISTIAN 
MVSTICISM. The Hampton Lectures for 
7809. Demy Bvo. iar. fir/, net. See also 
Library ofDevotlon. 

lnnes(A. D.), M.A. A HISTORY OK THE 
BRITISH IN INDIA. Willi Mnps and 
Plans. Cr. Bvo. 6s. 

ENGLAND UNDER THE TUDORS. 

With Maps. Demy Be to. lor. (ul, net. 
Jackson (C. BA H.A. Sec Toxtbooks of 
Science. 

Jackson (S.), M.A. Sec Commercial Series 
Jackson (F. Hnrallton), See Little Guide*. 
Jacob (P.), M.A, See Junior Examination 
SorieA. 


James (W. H, NO, A.R.C.S., A.LK.K. Seo 
Textbooks afTcclmology, 

Jeans (J. fitophon). TRUSTS, POOLS, 
AND CORNERS. Cr. 8 vo. as, frl, 

See also Books on Buninm. 

Jeffreys (D. Gwyn). DOLLY’S THEATRE 
CALS, Doacrtbcd and Illustrated with v.) 
Coloured Pictures. SvJ>er Royal \6mo, as.6d. 
Jonks (E.)> M.A., Render of Law In the 
University or Oxford. ENGLISH LOCAL 
GOVERNMENT. Second Edition. Cr. 
Bvo, as, 6d. 


Jennor (Mrs. H.). Soo Llule Book* on Art. 


Jonnlngs (Oscar), M.D., Mcmlicr of Din 
Bibliographical Society. EARLY WOOD- 
CUT INITIALS, containing over thirteen 
hundred Reproductions of Pictorial Letlorn 
of the jl’Iftocntb and Sixteenth Canturio*. 
Demy 4/0. ais.net. 

jMflonp (Augustus), D.D. Seo Lenders of 
Religion. 

Jevons (P. U.), M.A,, Litt.D., Principal of 
Bishop Hatfield'* Hall, Durham. RE- 
LIGION IN EVOLUTION. Cr. Bvo. 


3 r. 6 d. net, 

See also Churchman's Library nnd Hand- 
books of Theology. 

Johnson (Air 0. Bnrbnm). WILLIAM BOD- 
HAM DONNE AND HIS FRIENDS. 
Illustrated. Demy 8ro, ror. C d. net. 
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Johnston (Sir 1L HA K.C.B, BRITISH 
CENTRAL A l 'RICA. With nearly sco 
Uli nitrations aud SixMaps. Third Edition, 
Cr, 4/0, i8r. net. 

A Colonial Kill t ion la also published. 
Jones (R. Crompton), M.A, POEMS 
Ol«\ TM15 INNER LiFlL Selected by. 
'1 'it it' tee n ih Edit ictt , 7 ‘cat*. 81*0. vs, 6d, net. 


Klnglake (A. VV.). See Little Library. 

Klpfing (Rudyard). BARRACK-ROOM 
BALLADS. 80 /A Thousand, Twenty- 
second Edition, . Cr. 8t*j. 6 1, 

A Colonial Edition la also published. 

THE SEVEN SEAS. 63 rd Thousand, 
Eleventh Edition, Cr . 8 vo. 6r. 

A Colonial Edition in aLao published, 

THE FIVE NATIONS. 41* * Thousand. 
Second Edition, Cr, 8 vo, 61. 

A Colonial Edition Ih also published. 

DEPARTMENTAL DITTIES. Sixteenth 
Edition. Cr. tivo. 6x. 

A Colonial Edition in cJro published. 

Knight (Albert B.). THE COMPLETE 
CRICKETER, Illustrated. Demy Bvo. 


Jones H I,), Sec Commercial Series, 

Jones til. P.). Sec Textbooks of Science, 
Joncu (L. A. Atlierloy), K.C..M.P. THE 
MINERS' GUIDE ^TO THE COAL : 
MINKS REGULATION ACTS. Cr. Bvo. 
s,t. 6d. net. 

COM M E RCE IN WAR. Royal'&vo, vjs.net* 

J (in non (Iton). Sue Standard Library. 
Jitllnim (Lady) of Norwich. REVELA* 

Tl ONS OK DIVINE LOVE, lid.hy Grack 
W a imack. Second Edit. Cr. 8 vo. 3*. 
Juvenal. Sou Classical Translations. 

‘Karim.’ I.KT YOUTH BUT KNOW: 

A IMiui for Reason in Education, Cr, B vo, 
'|.f. bit, net, 

Kmilmnmi (M,). S 0 CIAI. 1 SM AND 
M OH KRN THOUGHT. Second Edition. 
Cr. Rr><». or. 6d. net. 

Kuutlnft (.1. IL). n.J). THE AGAPE AND 
THE EUCHARIST. Cr. Bw. 31. 6d. 
Kent a (John). T HE POEMS OK. Edited 
with Introduction and Nolen by E. do Selin- 
ctiurl, M.A. Second Edition, Demy Bw. 
ys, bd. net. 

REALMS OK GOLD. Selections from the 
Works of. Fcap, 8w. 3*. 6 d, net. 

Sou also Lltlto Library nnd Standard 
Library, 

ICoblo (John), THE CHRISTIAN YEAR. 
With an Introduction and Notes by W.Lock. 
3 ). I)., Warden of Koble College. Illustrated 
by R. Ahning 11km,. Third Edition. Fcap. 
Sw. 3*. inf , ; padded morocco, jr. 

See also Library ofDevotion, 

Kelynnck (T. N.), M.D., M.R.C.P., Hon. 
Secretary of the Society fnr tbo Study of 
Inebriety. THE DRINK PROBLEM 
IN ITS MEDICO -SOCIOLOGICAL 
ASPECT. Edited by. With a Diagrams, 

fUtuy 8iw. ys. bd, net, 

Kempffl (Thomas ft), THE IMITATION 
OK CHRIST. With nu Introduction by 
Dham P aimak. Ulmtrnlod by C. M. Gkkk, 
Third Edition. Eeap.Bvo, jr. 6d,j padded 
morocco. 5 J, „ _ 

AlsiO Translated by C. BrdO, D.D. Cr. 
Rrifi, 3J. 6d, See c\Un Library of Devotion 

mid Standard Library. 

Kennedy (Rurt.). THE GREEN 
SIMIINX, Cr. 8 vo. 31. bd, net. 

A Colonial Edition h i\ 1 bo published. 
Kennedy (JnmoH Houghton), D.D., Assist- 
miL Lecturer lit Divinity In iho University of 
Dublin, ST. PAUL'S SECOND AND 
THIRD EPISTLES TO THE CORIN* 


CRICKETER, Illustrated. Demy Bvo. 
•js. 6d. net, 

A Colonial EdUlon is also published. 
Knight (H, J. C.), M.A. See Churchman's 

Knowllng (R. J.), M.A,, Professor of Now 
Testament Exegesis at King's College, 
London. See WeainilnBter Column plants. 
Lamb (Chat-lea nnd Mary), THE WORKS 
OK. Edited by E. V. Luc as, Illustrated 
In Scat 7i Volumes. Demy 8 vo. 7 s. 6d. each. 
See also Little Library and E, V. Lucas. 
Lambert (P. A. H.). See Little Guides. 
Lambroa (Profeaaor). See Byzantine Texts. 
Lnne-Po olo (Stanley). A HISTORY OF 
EGYPT IN THE MIDDLE AGES. Fully 
Illustrated, Cr. Zvo. 6s. „„„ 

Lnng , bi , ldge(F.),M. A. UALLADSOF THE 
BRAVE : Poems of Chivalry, Enterprise, 
Courage, and Constancy. Second Edition. 
Cr. ivo. 9t. 6d. 

Law (William). Soc Library of Devotion 

nnd Standard Library, 

Leach (Henry). THE DUKE OF DEVON- 
SHIRE. A Biography. With is Illuatra* 
lions. DemyBvo. xzr, 6d. not. 

See also James Brnid, 

Le Drrtz (Anntola). THE LAND OK 
PARDONS. Translated by Frances M. 
GobtLino, IUualrnlod In. colour. Second 
Edition, Demy Zvo. ys. 6 d. net . 

Leo (Captain L. MelWle). A HISTORY 
OF POLICE IN ENGLAND. Cr. 8 vo, 

Leltrhfperc'VBl). THE COMIC ENGLISH 
GRAMMAR. Embellished. with upwnrda 
of 50 eharactcriillc Illustrations by John 
Leuch. Posii6mo. vi.6d.uel. 

Lewoa (V. B.), M,A. AIR AND WATER, 
Illustrated. Cr.Zvo. vs, 6d. 

Lewis (Mrs. Gwyn). A CONCISE 

handbook op garden shrubs. 

Illustrated. Fcap.Bvo. %s.6d,nii. 

Lisle (Fortun^ode). See Little Book son Arl. 
Llttlehnles(H.). See Anilauniy 1 Books, 
Lock (Walter), D.D.. Warden or Kcblo 
College ST. PAUL’, THE MASTER* 
BUILDER, Second Edition. Cr. 8 vo. 


TI& BIBLE AND CHRISTIAN LIFE 


Klnunlnfl (C. VV.), M.A 
TRY OK LIFE AND 
iratfld. Cr. Bvo, as, 0 


THE C HEM IS* 
HEALTH. IHui* 


' See aifto Lead era of Religion and Library 
ofDevotion, 
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Lockor(P.)» Seo Lillie Library. 

Lodge (Sir Oliver), KUS. THE SUH- 
STANCE OF FAITH ALLIED WITH 
SCIENCE; A _ Catechism for Parcnla 
®nd Teachers. Sixth Ed, Cr. Bu/j. □*-. tiei. 
Lo[thoufle(W. PO, M.A. ETHICS AND 
ATONEMENT. With a Fr-oulLfipiecfi. 
Demy Bvo, jj. net. 

Longfellow (H. W.). Sec Little Library. 
Lorlmer (aeorge Horace). LETTERS 
I; ROM A SELF-MADE MERCHANT 
ro HI S SON. Sixteenth Edition, Cr.Bvo. 

3 *. 

A Colonial Edition in also published. 

OLD GORGON GRAHAM. Second Edition. 
Cr. fiiw. 6 s, 

A Colonial Edition is nlso published, 
Lovor (Samuel). See I. P. L. 

B. V. L. <md C. L. r Q. ENGLAND DAY BY 
DAV : Or, The Englishman's Handbook to 
Efficiency. Illustrated byCaoRGuMoRKow. 
Fourth Edit ion. Fcat>. Do. », net. 

THE LIFE _ 


LucatHK. V.). THE 3 J^E OF CHARLES 
LAMB. NVtth 25 Illustrations. Third 
Edition. Dotty St ji . &j T net. 

A Colonial Rdilion is also published. 

A WANDERER IN HOLLAND. With 
many Illustrations, of which 2a arc in Colour 
byHERBJSRT Marshall. Seventh Edition, 
Cr „ Bvff. 61. 

A Colonial Edition is also published. 

A WANDERER IN LONDON. With 16 
Illustrations in Colour by Nelson Dawson, 
ond 36 other Illustrations. Fifth Edition . 
Cr. 0 va, 6s. 

A. Colonial Edition is also published, 

FIRESIDE AND SUNSHINE. Third 
Edition* Feat. Bvo. 5 s. 

THE OPEN ROAD : a Lit Lie Rook Tor Wny- 
farers. Eleventh Edition, Feat. 8 vo. c t . ; 
India Pater, jt. Cl. 3 ‘ 

THE FRIENDLY TOWN \ a Little Hook 
for the Urbano, Third Edition, fcafi. 
Bvo. 3s, * India Pape>\ 7 r, 6d. 

Lucian, See Classical Translations, 

Ly^° Al^LA, See Commercial Series. 

Lydon(NaeI S,). See Junior School Rooks . 
Lyttolton(Hon. Mrs. A,), WOMEN AND 
THEIR WORK. Cr. Bvo. «. fi d. 
Macaulay (Urd). CRITICAL AND HIS- 
TORICAL ESSAYS, Edited by F. C, Mon- 
tague, M.A. Three Volumes. Cr, Eva. i3r. 

The only edition of this book completely 
annotated. 

Allen (J* E, Di) M.A, See Commercial 
Scriei. 

MacClilloch (J. A.), See Churchman’s 
Library. 

M * c £umi (Florence A.). MARY 
VVilh over 60 Illustrations, in- 
cluding ft Frontispiece in Photogravure, 
second and Cheaper Edition, Cr. iW. fo, 
Seonlao Leaders of Religion, 

McDermott (B. R.). See fiookson Business, 


— ,./V' iiuuiHonnuunMS 

M'Dowa (A. 3 .). See Oxford Biographies, 

iVl aoF-flti f A X 41 v p /-n i_ 1 .1 

n h Llbn 


' J ^ r w wu ■*-'*/* utu. WAiUiU mi 

Jf 1 Churchman y ^1 Diary. 
Mflcklln (Herbert \V.), M.A. See Anti- 
quary ■ Books. 


Maokenzln (W. Leslie), M.A., M, 
D.P.li etc. THE HEALTH OF Ti 
SCHOOL CHILD. Cr. five. as. 6rA 
Mdlle Mori (Author ol). ST. C ATI-lli 
INE OF SIENA AND HER TIM 1 
With 28 Illustrations, Demy 8710. 7 s,6d,r 
Magnus (Laurie), M.A. A PRIMER < 
WORDSWORTH. Cr. 8 vo. os. 6 d. 


Mahaffy(J. PA Liu. 1 ). ‘ A HISTORY I 
THE EGYPT OF THE PTOLEMU 


Fully Illufitraled. Cr. 8t >o. 6r. 

Maitland ( F. WA LI „ 1 ). . Downing Pro fa 
of the IjtwB of England ill the University 
Cambridge. CANON LAW IN EN 
LAND. Royal Bvo, 7 s. 6 d, 

Malden (H, L.), M.A, ENGLISH R 
CORDS. A Companion to dm History 
En gland, Cr. 8 vo. or, (vf. 

THE ENGLISH CITIZEN: ITT S RICH’ 
AND DUTIES. Seventh Edition. < 
8 vo. 1 r. &V. 

See also School Histories, 

Merchant (E. C.), M.A., Fellow of Pel 
house, Cambridge. A GREEK ANTII 
LOGY Second Edition, Cr. 8 vo. ^r. i 
See also A. M, Cook. 

Morr (J. B.) F, R.S,, Fellow of Si ToIhi’h C 
lege, Cambridge, THE SCIKNTIF 
STUDY OFSCENKRY. Second Edith 
IlluBtmlcd, Cr, tiro. 6 s. 

AGRICULTURAL GEOI.OGY. Illustrate 
Cr. 8 vo. dr, 

Marriott (J. A, R.). FALKLAND AN 
HIS TIMES. With 20 lllubiiratlor 
Demy 8r to. ns. <Sd. net, 

A Colonial Edition la nlao published. 

Marvell (Andrew). Sec I.lltlc Library. 


Masefield (John). SEA LIFE IN NE 
SON'S TIME. Illustrated, 


— v,~ — ■ Cr. 8, 

3J. 6 d, net. 

ON THE SPANISH MAIN. Willi 
Illustrations mid a Map, Demy 8; 
10s, 6 d, net. 

A SAILOR’S GARLAND. Edued a 
Selected by. Cr, Bvo. 3 j, 6 d. net. 

Maikell (A. J. Sea ConnoissauFs Library. 

Mason (A. J.), D. D. See LeaderaorRoligi. 

MoaseefGcorg-o). THE EVOLUTION l 
PLANT LIFE : Lower Formw. Illustrate 
Cr. Bvo. as, 6 d, 

M^^mnnfC. P. a.), M.A.. M. 
1 LNNYSON AS A RELI^GIOl 
TEACHER. Cr. Bvo, 6 s. - 

Mutheflon^lrri. B, F,). COUNSELS C 
LIFE. reap. 8 vo.' as. 6 d. net. 

May (PhlP. THE PHIL MAY ALUUf 
Second Edition. <\to. n, net. 

Mellow* (Braraa S,). A SHORT STOK 
OF ENGLISH LITERATURE. C 
8 zw. 3J. 6 d. 

Methuon (A. M. SA THE TUAOEIJ 
OF SOUTH AFHtCA. Cr.ivo, is.nt 
Also Cr. Bxjo. 3d. net. 

A revised mid enlarged edition of 1] 
author'a ‘Peace or War in Soul 
Africa. 
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ENGLAND'S RXJIN: Discussko in Six- 

TKUN 'LtiTTIlRR TO THE RlGHT HON, 
J-OHKI'H CllAMlIKHl.AlN, M.P. Seventh Edi* 
tion. Cr. Bvo. $d, tit/. 

Miles (niietnco), M.A. LIFE AFTER 
LIFE, OR, THE THEORY OF REIN- 
CARNATION. Cr. 8710. ui.td.uet. 
Mlllnla (J. GO. THE LIFE ANT) LET- 
TERS OK SIR JOHN EVERETT 
M | L LAIS, ProRidcntoftho Royal Academy. 
Wills mnny II liquations, of which a arc In 
Photogravure* New Edition. Demy 3 w. 
ft. td, net. 

Sen also Little Galleries. 

MUIIn < 11 . P-). PICTORIAL GARDEN- 
ING. Illustrated. Cr. 87>o. v. 6rf. net. 
Aimis (C. T.), M.I.M.K. Sen Textbooks of 
Technology, 

JVlIIno (J, (I.). M.A. A HISTORY OF 
ROMAN EGYPT. Fully IIIub. Cr.Bvo. 6s. 
Milton (John). A DAY HOOK. OF. 
ICilllotl by U, F. Towndrow, Fcap. fit 0. 
3*. 6 d, «r/, 

Sco tilso Liltla Llbmry mid Standard 
LIUrnry, 

Mlnclilit Ml. C.),M. A. See R, Pool. 
AlltcliolUP. Clmlmcrs), M.A. OUTLINES 
OF BIOLOGY, Illustrated. Second Edi- 
tion* Cr. 8 vo. Cj. 

Mltloti (U. IL). JANE AUSTEN AND 
HER TIMES. With many l^rtrah* nnd 
l]ll miration*. Second and Cheaper Edition. 
Cr. 8 no. Os. 

A Colonial Edition la also published. 
MnlfnUMnry M.). QUEEN LOUISA OF 
PRUSSIA. Willi no Illustrations. Third 
Edition. Demy Bw. 71. Cd. net , 

1 Moll (AA* Sua Hook* on Business. 

Alolr (II, M,). Suu Lillie Library. 

Mollnos (Dr. Mlchaol do). Sea Library of 
Huvotlun. 

Money CL. ( 1 . Chlozzn). M.P. RICHES 
ANDI'OV EUT Y. Third Edi tion. Demy 
Cm?. 54*. net. 

Al filling u (Henry), Karl of M a neb osier. See 
Library of Devotion. 

MontnLffno. A DAY HOOK OF. Edited 
liy C. I 1 '. Pohii. Fcap, B710. 3s. 6d. net, 
Mont moro nev (J, E. G. do), H.A. ,LL,R 
TIKI MAS A ICEMPIS, HIS AGE AND 
HOOK, With 3a lUuatratlonR. Second 
Edition. Demy 8 vo, 7 s. 6d, net, 

AVoore (H, C.). HACK TO THE, LAND. 
A11 Inquiry into Rural Depopulation, Cr. 
8vj(i. □ j. 6/ /. 

Moorhouao (If« Hnllittn). NELSON'S 
LADY HAMILTON. With 51 Porlralbi. 
Second Edition, Demy 9 r*j. 6 d. net. 

A CohnUiil Edition Is also published. 
MonittCCUironccGA Scu llaoks on Business. 
Mni‘u(Slf ThoniiiB), Sec Standard Library. 
MnrflU (YV. IM, Uriel Collogo, Oxford. A 
1 1 1 KTO RY O P R U SSI A FROM PETER 
TEIE (HOC AT TO ALEXANDER II, 
Willi Mnimnml Plans, Cr. 800. 31. td,~ 
Moricll(R. J.) t lnla of Clifton Collage. Sec 
School LxfimmaUoii Series. 


MorrIn (JO, THE MAKERS OF JAPAN. 
With 34 I lluit rat lout. Demy 8r 0. ru. 6 d. 
net. 

A Colonial Edition Is nlso published. 

Morrlfl (J. EL). Sec Little Guides. 

Morton (Miss Anderson). See Miss Brod- 
rlck, 

Moulo(H L C. Gi). D.D., Lord Bishop of Dur- 
ham. Sec Leaders of Religion, 

Muir (M. M. Pattlaon). M.A. THE 
CHEMISTRY OF FIRE. Illustrated. 

Cr. 8r 0. is, td. 

Mundelln (V. A.j, M.A, See J. T, Dunn. 
MunroCR.), LL.D. Sec Antiquary's Hooks. 
Naval Officer (A). See I. P. L. 

Neal (W# Q.h See R. N. Hall. 

Newman (Ernest). HUGO WOLF. 
Demy Bvo. Or. 

Newman (George). M.D. D.P.H.^.R.S.E., 
Lecturer ou Public Health at St. Bartholo- 
mew's Hospital, and Medical Officer oT 
Health of the Metropolitan Borough of 
Finsbury. INFANT MORTALITY, A 
Social Prollkm. With 16 Diagrams. 
Demy Bvo, 7 1, 6 d.net, 

Newman (J. H.) and others. Sea Library 
ofDevotion. 

Nichols (J, D. B.), See Little Library. 
Nicklln. <T.)i M.A. EXAMINATION 
PAPERS lftTHUCYDIDES, Cr. too. us, 
Nimrod. Seel.P. L. 

Norgate ( 0 , Le Oryfl). THE LIFE OF 
SIR WALTER SCOTT. Illustrated. 
Demy fit 0, ns. td. net . 

Norrcganrd (B. YV.), THE GREAT 
SIEGE I The Investment nnd Full of Port 
Arthur, Illustrated. DemyBvo. 10 s. 6 d.net. 
Norway (A. II A NAPLES. With as Col- 
oured I lluBtratlom by Maurice GimiRVFH- 
hauhn, Second Edition. Cr. Bve. 6 s. 
Novalls. THE DISCIPLES AT SAiS AND 
OTHER FRAGMENTS. Edited by Miss 
Una Birch. Fcap. Bvo. 3*. td, 

Oldfield (W. J.), M. A., Prebendary of 
Lincoln. A PRIMER OF RELIGION, 
Bared oh thb Catechism of the Church 
of England. Fcap, Bvo. ae. 6 J, 

Oldham (P. 1 YL), B.A, See Textbooks of 
Science. 

oupliatlt (Mrs.). See Leaders of Religion, 
Oman(C. W. C,), M.A., Fellow of All Souls', 
Oxford. A HISTORY OF THE ART 
OF WAR. The Middle Agoa, from the 
Fourth to the Fourteenth Century. Illus- 
trated. Demy Bvo, iot. Cd. net. 

Ottloy (R. LO.D.D, See Hpdbooks of 
Theology and Leader* of ReUgiou. 

Overton (J. H.), See Leaders of Rel!gion T 
Owen (Douglas). See Books on Bujuflerw. 
Oxf ora (M . N.j, ofGuy'nHoapitaJ. A HAND- 
BOOK OF NURSING.. Third Edition. 
Cr. Bvo. 3X. 6 d. 

Pakcs (W. C. C.). THE SCIENCE OF 
HYGIENE. Illustrated. Demy Bvo. jji. 
Pa Inter (Frederick). WITH KUROKI IN 
MANCHURIA, Illustrated, Third. 
Edition. Demy B vo. 7/, 6 d. net, 
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Parker (Ollbert). A LOVER'S DIARY. 
Fcafl, Bvo. 5f. 

Pnrkea (A. K.L SMALL LESSONS ON 
GREAT TRUTHS. Fcafi. Bvo. it. 6d. 
Parkinson (John). PARADISI IN SOLE 
PARADISUS TERRESTR 1 S, OR A 
GARDEN OF ALL SORTS OF PLEA 
SANT FLOWERS, Folio, jfo. y. net. 
Parmenter (John). HELIO-TROPES, OR 
NEW POSIES FOR SUNDIALS, 1625. 
Edited by Pkrcival Landon. Quarto. 
jr 6 d. not. 

Parmentler (Prof. Leon). See Byzantine 
Text*. 

Parsona (Mrs, Clement). GARRICK 
AND HIS CIRCLE, With 36 llluatra- 
iratloni. Second Edition, Demy B vo, 
ivt. 6 d. net, 

A Colonial Edition ix also published. 
Pascal, See Library of Devotion. 

Pas Ion (deorjje), SOCIAL CARICA- 
TURE IN THE EIGHTEENTH 
CENTURY, With over 200 Illustration a. 
Imptriai Quarto. iar. 6/A net. 

nee oho Little Hooka on ArL and I.F.L. 
LADY MARY WORTLEY MONTAGU. 
With 24 Portraits and Illustrations, 
Second Edition, Demy fiw. iv, net, 

A Colonial Edition la also published. 
Paterson (W. R. )( Benjamin Swift). LIFE’S 
QUESTIONINGS. CV. B vo. 3*. 6d, net. 
Patten on (A. H.). NOTES OF AN EAST 
COAST NATURALIST. Illustrated in 
Colour by F, Soutiiuatk. Second Edition. 
Cr. Bvo. 6s. 

NATURE IN EASTERN NORFOLK. 
A xerles of observations on tha Birds, 
Fishes, Muntnalt, Reptiles, and Stalk- 
eyed CnuUceana found in that neigh- 
bourhood, with a list of the apocle* With 
la Illustrations In colour, by Frank 
Southoate, Second Edition. Cr. Bvo. 
6t. 

Peacock (N.). See Little Books on Art. 
Pe 5S« ic. M. A.), F.R.H.S. A HAND- 
BOOK OF ANNUALS AND BIEN- 
NIALS. With 34 Illustrations, Fcap. Bvo. 
31. td. net, 

ftnd Mlnchln (H, C.), M.A. 
OXFORD, With 100 Illustrations In 
Colour. Cr. Bvo. 61. 

Pool (Sidney), late Fellow of Trinity College, 
Oxford, and Secretary to the RoyAl Com- 
minion on the Licensing Laws, PRACTI. 
CAL LICENSING REFORM, Stand 
Edition. Cr. Bvo. ix. M, 

p V^^S LFlri l dWfl ^ ;D ' c * L -« LL * ri '/ I>r o- 

Earliest Times to the Present Day. 
rully Illustrated. In six volumes, Cr 
cm, 6 /. each, 

™ xvit » 


You IT. The XVI Ith and XVII Itii 
Dynasties, Fourth Edit ion, 

V01.. in. XIXth to XXXtil Dynastik*. 
Vol„ IV. T'riK IiCiYI'T ok TlllC pTOl.KM IK’ 

J, P. Maijakfv, Lltt.D. 

Vol. v. Roman lStiYi'T. J. 0. Mh.nl, M.A- 
Von, vi. Egypt in tiih Minm.K A«:i ■!. 

Stanley Lank-Pooi.k, M.A, 

RELIGION ANT) CONSCIENCE IN 
ANCIENT EGYPT, I IIusiixUriI. < V. 

Bvo, at, 6 d, 

SYRIA AND EGYPT, FROM THE TELL 
ELAMARNA TABLETS. Cr.Bvo. st. fnf. 
EGYPTIAN TALES. Illustrated by Tin- 
tram Ej.us. In Two Volumes. Cr. Hr*', 
qr. 6 d, each. 

EGYPTIAN DECORATIVE ART. Will. 

120 Illustrations, Cr. Bvo. 3.1. (nl. 

Phillips (\V. A.). Sen Oxford Hum rail hi ci. 
Phlllpotts (Bdon). MY DEVON VKA 1 *. 

With 38 Illustrations by J, Lev l*i : 1 1 n 
■ nRiDGE, Second and Cheaper iUUtiou. 
large Cr, Bvo. Cs. 

UP ALONG AND DOWN ALONtL 
Illustrated by Cj.audic Shkh‘Kh«;d». 
Cr. +to, y. net. 

A volnmo of poems. 

Plnrr (Victor 0,). See School Historic, 
Pluto. Sea Standard Library. 

Plautus. THE CAPTIVI. Edited, will, 
nu Introduction, Textual Notes, mul il C om ■ 
mentnry. by W, M, Lindsay, Felbnv of 
Jesus Col lego, Oxford. DemyBvo. iwAn/.nri. 
n-\Vn ‘ " 


Plowden-Wnrdlnw (J. T.) r 11. A, . Kin.. 
College, Cnmbridgu. See School Exam in*, 
tlon Series. 

Podmoro (Frank). MODERN SI' MU- 
TUALISM. Tivo Volumes. Demy fiiv. 
Qtr, tut, 

A History and n Criticism. 

Poor (J. Patrick Lc), A MODEL N* 
LEGIONARY, Cr. Bvo. 6r, 

Pollard (Alice). Roe Llttlo Books nn Art. 
PolInrd(A. W.). OLD PICTURE HOOKS. 

I Hunt rated. Demy B vo, ys. <*/, net. 

Pollard (GlkaP.), See Little Book* on Arl. 
Pollock (Dnyld), MJ.N.A, See Books on 
Buaineaa, 

Potter (M. CA M.A., F.L.R. A TEXT- 
BOOK OF AGRICULTURAL 110TAN Y. 
Illustrated, Second Edition. Cr. Unn, 
4*. 6d. 

Power (J, O'Connor). THIS MAKINM 
OF AN ORATOR. Cr. Bvo. 6s. 

Pranco (□.). See R. Wyon. 

PrcBCOtUO. L.). Aimin' MUSIC, AN II 
WHAT IT IS MADE OF, Cr. II.-.,. 
«, 6d. net. 

Price (L. L.), M.A., Fellow of Oriel CoHrirr, 
Oxon, A HISTORY OF ENGLISH 
POLITICAL ECONOMY. Fourth Fdi. 
tlon, Cr. Bvo. si. Ctf, 

P TdoT ^ T ,-^ ex A M0DKUM 

TtrK DOMINION 
ut MAN. Gdoohapiiy in it* Human 
Aspect. With 32 fulbpago Illusiruttur^. 

L r. 0 vo. qs. 



General Literature 


1‘uhIu nml Rowlandson. THE MICRO- Robinson (A. %V.), M.A. See Churchman's 
COSM OF LONDON, on London in Bible. ____ 

M ini at u r j With 104 Illustration* in Roblnaon (Cecilia). THE, MINISTRY 
colour, In Thu* Velum*** Small ito. OF DEACONESSES. With Bn Introduc- 


COSM OL* LONDON, on London in 
M ini atu rig With 104 Illustration* in 

colour. In Thru Velum a. Small tfa, ------ _ , 

jCi qi, net. tlon by the lato Archbishop of Canterbury. 

, (V * (A. T, Qutllcr Conch). THE Cr. too. it. 6d- 

GOLDEN BOMB. A Procession op Robln«oti(F. S.). See Connoisseurs Library. 
Kuni.isit Lyulca. Second Edition, Cr. %vo. Rochefoucauld (La). See Little Library 
, JS 5,/ ,1ft, Rodwell (Q.), B. A. NEW TESTAMENT 

Qnovudo VlUoffJiB. Sen Miniature Library. Gjy^k. A Course for Bednners. Wi th 
tUt. 111 ill li.S.\llK WOODHOUSECOU- b PrefBce by Walter Lock^.D. Warden 

"■eirffiu." “• saffisas&^iw^^Sia 

liutrir (Lnitrn MO- THE WOMEN-ART- uet» . ^ c ~ . 

I STS OK BOLOGNA. With ao Illui- Rogera (A. 0 . L,). M-A. See Books on 
trillions. Demy &vo, ye, fid. net. JiuauieaB, „ i 

Rntnr (Lonfldafc). U.D , Oxon. DANTE Romney. Sec Little GaBerieJ- 

fiw frin eLem^ar 3 ; F,«c<£ RoBeTedwar]). THE ROSE READIER 

D rwt &&rt TrrLVi.% //: & .X jw 


nml Document*. Demy too. 11s. 6d. net. 

Rahtz (I 1 . JO, M.A., n.Sc., Lecturer in 
ICimllyb m Merchant Venturer* Teohn cal 
CnlW. nriMoI. HIGHER ENOL 1 SH, 
Cr, f.m sr. (»l. „ _ 

Randolph <L). VVOi H.D. Soo Library of 

UaniiVu (I). W.). M.A. A STUDENT'S 
HISTORY Ob' SCOTLAND. Cr. 8w. 
jj. (at, 

Rnelulall (llnBtlnfffl), M,A, ( Fallow sn.l 
Tuinr nf New Cnlloce Oxford. M DOC- 


///. a d . ; Part IV. \od. ' 

Rowntrco (Joshua). THE IMPERIAL 
DRUG TRADE. A Rh-Statumhnt qf 
Tint Opium Quhstlon. Second and 
Cheaper Edition* Cr.too. is. net. 

n do-Smlth (NO Q.). THE PILLOW 
OOK.: A Garter of Many Moodh, 
Second Edition. Cr, too. w/. 

Ruble (A. E.), D.D. See Junior School 
Books, .... _ _ fl „„ 


coluncwood! 

SXll>n& ttlt SBe I P“ SL H,S,0riU ‘' “TluTcVp^A^HEVAPitUTicA: 
Re afion( W . ), M - A. UNIVERSITY AND Demy too, ?'• 6d, net. 
ToUrWMKm- Cr. Bi *. St. Anselm. SeeLlbrnryof Devotion. 
MUi.in.1* rji.Aj.iii.* St. AuffUfltlne. See Library of Devotion. , 


Rcdpuli, (H. A.). M.A. See We.lmln.,or & IMSt, of 


CoriuncntnrlcA, 

Reynolds. Seu Little Qnllcriwi. 

Rl idiuIoh ( J .I 1 .), Sua Simplified French Toxts. 
llliodiiB (W. K.J. Woe School HlftoriOB. 
Rloil (!!,)♦ M.A, Sbo Simplified l'rench 

RoborlH (M» IL). See C, C. Channor. 
Kuburlnon (A.). D. D., IiOnl Bishop of 
V.Kclur. UEtskUM l!>EI. Tho Hampton 
l^ciurca of t^ii. Demy 8r'0. jts. 6 d. net. 
Roharleou (C. Grant). M.A., Follov/ of All 
ilnor in the 


Roharleott (C. Grant). M.A., Follow of All 
SuuU' College, Oxford, Exmnlnor in Ibo 
IIonourH School of Modern Hifiiory, Oxford, 

100,0904. HKLKCT ST ATUTKff, CASES 
AND CONSTITUTIONAL DOCU- 
MIC NTS, j66u-iBja. DewyKvo. ior, 

RolMJrtson CC* Grant) and Bartholomew 
n. K, H.H. 1 C.. F. 1 LG.&. A HIS- 

TORICAL and Modern atlas of 
the BRITISH EMPIRE. Demy Quarto. 

Hul>ortfloii(Klr(LS*)iK.C.S.I, CHITRAL. 
Tin; S' 1 or y ok a Minor Sikgil third 
Edition. Illustrated. CrMo. 9s.6d.net, 


Salea (St Fraud a da). See Library of 

St. Cyres (YlscouutL Sea Oxford . Bio- 

srtanclB ol A.Blfll. THE LITTLE 
FLOWERS OF THE GLORIOUS 
MESSER ST. FRANCIS AND HIS 
FRIARS. Newly iramlated byAViLUTAM 
IT BY wood. With an Introduction by A. 
O F. Howell, and 40 Illustrations from 
Italian Pointers. DemySvo. net. 

See also Standard Library and Library ot 

'SakU (H. Munro). REGINALD. Seoond 
Edition. Ecap. too, ax. 6d. net. 

Salmon (A. L.). ^ c; of 

Snnraannt (J.)i M.A. ANNALS up 

3 ^ESTMINSTER SCHOOL. Illtiitrated. 
Demy too. ’js. &d. 

Snthaa (C.)* 3 w Byzantine Tarts. 

Icott (A^MO.’ S WIn 1 tON°SPENCER 
CHURCHILL,' With Portraila and IllUap 
tra.tion5. Cr, 8vd. 3f. 6a'- ,, 

Sc udamoro (Cyril). So* LI Ule Guides, 
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S '"k DAU,lV LIFE, T lUus(rat^ CH Cr. 8r>». 
Eighth -Edition, Ecafi.Zvo. as. M. 

With ig IllustratlonE, by Augusta Guest. 

sSST \ff“ T). *&£&& KS OF 
SOLDIERS, Cr. 8«. 3*- Cui ‘ nei ‘ 

ISttBS? 9ouot ^ ; 

,48s, E.ch £,, 4«. »‘l, OT R cc:npl ° 1 ' B * 1 ' 
£ig, xafl. net. , , 

Fdioas and 4 are ready. 

Folio a ifl nearly ready- .. „„ . 

See alao Arden, Standard Library and 
Lltlk Quario Shatespeare. r 

Sharp (AO. VICTORIAN POETS. Cr. 
8r/tf. as. bd. 


Shari) (Cecil). Sm S. Baring- Gould. 

Sharp (Mri. E, A.). Soft Lillie Look* 


N K 


Shed lock (J. SO THE PIANOFORTE 

S hflUejfi (Percy D.). aSoN AIS ; anElegy 
on the death of John Keats, Author of 
1 Endyrolon,' etc, Pisa. From the types of 

Shoppard 0 (H. PO^M-A. Sfle s - Darb S* 

Stairwell (Arthur), M. A. LIFE lit WEST 
LONDON. Third Edition, Cr. 87 10 . 

SMnley (Mary E.}. AN ENGLISH 

S Ch 8 rcH HISTORY FOR CHILD- 
REN, A.D. 597-1066, With a Preface by 
lh« Biihop of Gibraltar. With Maps and 
111 tut rations. Cr. Svo, as. 6 d. net. . 

Slchol (Waller). DISRAELI: A Study 
In Personality arid Idea*. With 3 Portraits, 
Deniylvo. i 9 S. 6 d.net. 

See alio Oxford Biographies 

Sima (J.). See Little Booki an Art, . 

Slmoruon (Q, AO. FRANCESCO 
GUARDI; With 41 PlntM. Imperial 
si j: fa sr. net, 

Sketchley (R. B. D-), See Lllllo Hooks on 


s^n/or Lt 

Ul With Answer*, IinnT e n Ml 

■feWWTiw"' 

TTvants of iho Years 1}66.«8 3 > l.'hlr'l }j) 
W.“re“ Wiiitthii. IlluHtralcil. H ,-fr 

Illuatmtod, Cr.hvo. 6 s. , ... 

Sn BRITI^H FUSTOltY. l)tmy Hw. V- < 
Sophocles. Soc Clnulcol Trarwlatloii'. 
Sornot<L. AO. See Junior Hclrool I ««>•< "- • 
South<B. Wilton), W-A. Sec Junlur !„ lu vl 

Southey (RO. lf.NOI.ISH SKAMI-1N. 

Edited by David HannaV.^ 

Yol. 1. (Howard, Cllflonl, IIuwIHi'l, 
Drake, Oweiulhh). Second Edition, i'* 

^Vol.^ii. (Richard Jlnwldna, (■icnvill**, 
Essex, and Raleigh). Cr . 8r*. fra, 

Sec qIao Standard Library. 

Sporice (C.H.), M- A, Sco School V.x*\n\\Y% 

THKFAPKR-l-RAl.i:. 
With Maps mul DinflrnmH, lUmy Nv.’r 
1 or. 6 d. net, 

Spooner (W. A.), M.A. See 1-omUrr. 

Religion. j ... , L 

Slid ey (Ed ecu mb a). THK CHTlMiS < »L 
FLORENCE, Illmuatcd. Second Mi tu*t. 
Royalty w, i6ir net. 

Stanbrldgo (J. >YOi ND, Suo hlliiaiy of 


Demotion. 

‘StnticltfloO GOLF DO'S ANDlHIN’l -C 
Second Edition, Fcnp.Bvo. u . 

Stead (W. J.). Seo 1), Gnllahcr* 

Stedman(A, M. MO, M.A. 

IN ITI A LATINA : Easy lessons on ftlrmrn- 
tnry Accldonco. Ninth Edition. Ai’it/Vi 
8 vo. is. 


t.atiN LESSONS. Tenth A'.f#'* 


Skip to a (H. P. K.). Seo Little Books on 
Art. 

S laden (Douglas)- SICILY; The New 
Winter ReiOrt. With over aoo J Unit rations 
Second Edition, Cr, 8tw, v, vti. 

Small (B van), M.A. THE EARTH. An 
Introaaction (0 Physiography. Illustrated. 
Cr. 8tw. bj. 6 d, 

Smallwood (M. G.). See Little Eook» on 
An. 

S medley (F. B.). See LP.L, 

Smith (Adam), THE WEALTH OF 
NATIONS. Edited with an IatrOd, action 
and numeroua NotcR by Edwin, Cannan, 
ALA. Two vote met, DtmytyM. air ,net. 

Smith (Horace and Jame*y Seo Little 
Llbmry- 


tion, Cr. 8r>a. as, 

FIRST LATIN R1CADER, Willi Noirr^ 
adapted to ihe Shorter l^tm l'rinirr ni^l 
Vocabulary, Sixth Edition rtvised. 1 \itfti * . 
it. ad, 

EASY SELECTIONS FROM C/FSAK. 
The Helvetian Wnr. Third Edition. 

I 0 JW( 5 . IS . 

EASY SELECTIONS FROM LIVY, I l».' 
Kings of Romo, i6w/<j. Second Juitisvtrt* 

EASY^TlN PASSAGES FOR UN HI .V.N 
TRANSLATION. Eleventh Ed. /in/, 
Bvo, is, 6d. 

EXEMPLA LATINA. Find Kxctr.l^r'i 
In Latin Accldonco. With VocftLi il*»t y. 
Third Edition, Cr.tyo, it. 
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KASY LATIN EXERCISES ON Till’. 

syntax of the shorter and 

REVISED LATIN PRIMER. With 
Vocabulary. Eleventh and Chtaftr Edition, 
rewritten, Cr. 8 vo. lt. 6 d. Original 

THE LATIN COM *OUKd SENTENCE ; 
Rule* anti ExercLe*. Second Edition. 
Cr. Bvo, is, bd. With Vocabulary, ax. 
NOTANPA QUAEDAM : Mhcellanaous 
Latin Exorcises on Common Rules nnd 


Idioms. ^Fourth Ediiioii, Fcxp. Qva. 
a. 6 d . With Vocabulary. ax. K-cy* «. 

LATIN VOCABULARIES FOR RljrE- 
TITION Arranged nccordmg to Subject I. 
Fourteenth Edition, Fcap. Bra. xj. 6 d. 

A VOCABULARY OF LATIN IDIOMS. 

18 /no, Second Edition, is. 

STEPS TO GREEK. Third Edition, M* 

t ihcd, 18 mo. is. _ , 

A SHORTER GREEK PRIMER- Second 

E AS YOU E 1 Fk PAHS AG E S F OR UNSEEN 
TRANSLATION. Fourth Edition, re- 
vised, Fcaf>, 8 vo, ii.dti. „ r , 

GREEK VOCABULARIES l‘OR RE- 
PETITION. Arranged according to fcm tr- 
ied*. Fourth Edition, Fen/. Bw. it M, 
GREEK TESTAMENT SELECTIONS. 
For tho uho of Schools. With Introduc- 
tion, Noun, ami Vocabulary. Fourth 
Edition. Fcap. Br«7. ax. 6d. 

STEPS TO FRENCH. Eighth Edition. 

FIRST FRENCH LESSONS. Seventh Edi- 

EASY FRENCH PASSAGES FOR UN- 
SEEN TRANSLATION. Fifth Eds- 

EAHV’FKicNCIM^F^RCISKS ON RLE- 
MENTAKY SYNTAX. With Vocabii* 
Inry. Fourth Edition. Cr. G vo. us, bd . 

FKKNClf YOCAllULAIUltS FOR RK- 
PETITION: Arranged according to 8ub« 
jcclUt Thirteenth Edition* Fea/.Zvo. it, 
See nlwj School Examination barics. 

Illuhimllonn. Second Edit ton. Cr, Qro. ax, (at, 
Scd also School Examination banctf, 
StopUcneon (CA of tho Tyjiulml Collage 
Bradford, anti Suddarde (IM of the 
Yorkshire ^ollcRO, I^uils. 01 kN. AhljjN- 

TAL D FSIGN FOR WOVEN 1> ABR1CS. 
IllUBlralud, Demy 8 vo. Third Edition 

8 t fes ( & 

FAITII. Cr. B vo. p. 6 d, 

8 to mo (Laurence). See Little Horary. 
Starry (W.b M.A. ANNALS OF ETON 
COLLEGE, Illustrated. JJetnyBvo. is. tut, 


StAveriBon (R. 1,0 THE LETTERS OF 
ROBERT LOUIS STEVENSON TO 
HIS FAMILY AND FRIENDS. 
Selector! and Edited by Sidney Colvin. 
Third Edition, Cr. B vo. its. 

Library KiirTioN, Deiuy^vo. zvf{*- net. 

A Co Ion ial I edition U also published. 

VAILIMA LETTERS. With an Etched 
Portrait by William Stiiano. Fifth 
Edition. Cr.Qvo. Jluchram, &r. 

A Colonial Edition La nl&o nidilhbed, 

THE LIFE OF K. L, STEVENSON. Sec 
G. Balfour, _ 

Slevonaori (M. L)« FROM SARANAC 
TO THE MARQUESAS. Uclntf LoUcri. 
written by Mn. II. I. StkvkNSUN during 
1 6B7-S. Cr. Bzw. bs.net. 

LETTERS FROM SAMOA. 1891-95- Edited 
and arranged by M. C. 
many IUiiflirntloas; Second Edition cr. 

8 vo. 6 x, net. 

Staddnrt (Anna M.)» Oxford llio- 

Stoke. l 0 P. a.). B.A., HOURS WITH 
RABELAIS. From, the translation of Sir 
T. Uuquhart and P. A. Mottrux. With 
n Portrait la Pbotofftavtire, Cr. Qz# r 3^ ««• 
net. 

Stone (S. J.). POEMS AND HYMNS. 
With a Momoir by F. G. lU.LUHTON, 
M./V, With Pori roll. Cr. B vo. 6 r> 

Store (Yernoit P»L M.A., _ Lecturer , In 
the Philosophy of Religion 1 in Cambndgc 
University; Examining Chaplain lo tlie 

T V. r , * i re.mA.ir Tl Allnu/ 


Slcunrt (Katherine). _ BY A Tl ]k AN 
WATER. Second Edition. Cr, Bint, be. 


Striker CFO^’ ^ KookR c>ri Butjl'icss. 
Strennc (A. \Y.) ( 1) .D. Sea Churchman « 

Stron'tfcUd CR. A.). MODERN MUSIC 
AND MUSICIANS. With Illuslru- 
ilons. Second Edition. Demy 8w, 7*- “*• 

Stroud (H.), D.Sc,, M.A. Sec Toxtbooka of 

Strutt fjosonh), THE SPORTS AND 
PASTIMES OF THE PEOPLE Ot 
ENGLAND. 1 llunlnitcd by many atiRmy- 
Injm, RcvImcI by J. CiiARUca Coe, LL.D., 

Stiifir AcaptT iVonnfd). THE STRUGGLE 
” FOR PERSIA. With a Map, Cn & no. 6s. 
5tutclifP,>.i Staff Instructor to the Siimsy 
^ Cmi!i t y Cmi 1 nil l ► MANUAL 1 TRAINING 
DRAWING (WOODWORK). Its Prin- 
ciples and Application, wllli Solti Lions lo 
Examination Qucslloim, ato-WSi Orlha- 
R ru])blc, Isomotnc and Qblfcjuo projection. 
With cu Platca nad 140 Flgurca, Foolscap. 


Sudtlpirdfl (PA See C. StinihunKMi. ■ 

^ J 4 fK FRENCH 

REVOLUTION. Second Eddson. Cr.Zvo, 


f id. 
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Symplon M.A., M.D. Sea Ancient 

Todtu,. AGRICOLA With IotroducLlon 
Noieij Map, etc., by K, F. Davis, m.a,, 

PKR^ANIA ^By ihe iomo Editor. Fen/, 
Sco aL Classical TnuifllAlloitH, 

THHack W.). HOWARD LETTERS AND 

^MEMORIES. Demy Bco._ 10 t.td. net, 

Taylor ( (A." B S j.° W OF 

METAPHYSICS. DimyBvo. iai. fd.net. 

TavIor(F. Q.),M,A. Son CommurdnlScnos. 

Tflvlor tl. A.). See Oxford Rlogruphtei. 

Taylor (John WO- THE COMING OF 
THE SALKTS : Imagination and Studies 
In Early Church Hisioty and Tradition. 
With 26 II lustrations. Deny 8 vo. W M tie/, 

Taylor ( T. Al.). M.A, Fellow of Gonvill. 
am) Calm College, Cambridge. A CON- 
STITUTIONAL AND POLITICAL 
HISTORY OF ROME. Cr, Bpa. 7 V 

Tennyson (Alfred. Lord)* THE EARLY 
POEMS OP. Edited, with Notes ami 
an Introduction, by J. Churton Colluih, 
M.A. Cr. Bt/0. 61* 

IN MEMORIAM, MAUD, AND I* HR 
PRINCESS. Edited by J. Ciiurton 
Collins. M.A. Cr . Zvo, 6r. See also 
Little Llbmry. „ , _ t 

Terry (C. S.). See Oxford Biographlea, 

Thackeray (NY. At.). St® Llttlo Library. 

TheSbald(F>. v.), M.A. INSECT LIFE. 
Illustrated, Second Edition Revised. Cr. 
B vo. 2 r. (W, 

Thompson (A. H.). Sea Lillie Guldea. 

TUeiton (Alary W.% DAILY STRENGTH 
FOR DAILY NEEDS. Thirteenth Edi- 
tion. Mediant 161110. o s. 6d, nei. Also on 
edition in superior binding, 6t. 

Tompklni (H. WOi F.R.H.S. See Little 
Guide*. 

Townley (Lady Suaxin), MY CHINESE 
NOTE-BOOK With 16 .Illustrations and 
a Maps, Third Edition. Demy Bvo, id/, 
6 d. titf. 

Toynbea (Paffot), M.A., D.LitL See 
Oxford Biographlos, 

Trench (Herbert). DEIRDRE WEDDED 
AND OTHER POEMS. Cr.Bve. «. 

An episode of Thirty hours delivered by 
the three voices. It deals with tho loro of 
Delrdre for Nnrhaud Is founded on a Gaelic 
Version of tho Tragical Tale of the Sodi of 
Usrmch. 

TrevelyanCO. AI.), Fcllnw ofTrlnlly Colleco, 
Cambridge, ENGLAND UNDER THE 
STUART’S. With Slaps and Plan *. Second 
Edition, DeiriyBvo. xo s. 6 d,tieJ. 

Trontbeck (G. E 3 .L See Little Guides. 

Tyler (E, A.), D.A., F.C.S. See Junior 
School Book** 

Tyrrell-Olll (Frances), Sea Lhtla Books 

on ArL 

Yftrdon (Harry). THE COMPLETE 
GOLFER. Illustrated. Eighth Edition, 
Demy 8w. raj. C4, net, 

A Colonial Edition la alio publiihod. 


Vfuiglran (llunry)* ; r , ini 

HENRY KTUAUT, 

DUKE OF YORK. With vnlllo '» 
Second Edition. / Vwx r Br'tr. " ' ? • * ' *!' ' 
TIIE NAPLES KiVEKIA. With - Hh 


Snc I .lit La I .■ I -• V 


I 111! 


tratlnnH in Colour by MaUiuii. t»i 


rin fedi - 


Mir- N. L. r . 117^. '"{ , .. . . 

A Colonial E clUimi i:» Mm * i»«l ■»' '*• . 

Yocgolln (A.), M.A, Jimioi 1 m>..uv«m 

WnddomCrtL I.. A.), I ,L. 1>. , i'.V 1 ‘ 1 y '\ 
AND ITS MYSTERIES. Will- *» R" ' ) 
nftlio Kxiimlll ion of uj‘M ••»#*' P " \ tU 
Illiinlriitiozm ami Mo|<i. ^ * 

Cheaper Edition. /Jenny Uv;-*. 7 1 ■ [ *: 

wmte In. w.),i;. u. <n .i • -i !•■;> . -v ■ . N , 

HISTORY. Willi Mnp'i. Jou'/.r / * 

Wagner (R?clmrtl). M OS I C M I : A M AS: 
Interiirotniimm, finl»ulyln|| Wi<u«o ► T1 fj 
nxplunnlloits. Hy A. 1.. < !i r. a. j- * , v M , u \ 

It. Chumi', in Four 
ux. (nt, each. 

Voim i,— Tim Rihh ot' tMi: Anj> 1 - ' » 1 1 < . 

Third Edition, , 

Voi« ii.— P ausiitai-, Linntr^ms'. ,,M(1 
Tub Uoi.V Guam 
Voi„ in. — Tuistah amj» Imm i-i 
W nllfJ. C.). DEVILS. IIUimmiIi * Ly Ho. 
Author and from jiholntfrn|>1n. /Vr. v ' i 
4 *.fi d, net. Suu.ilnu Anliipimr n I'*, 
Wnltora (11. IL). <Sdo Lluln lU>ahsi .-m M 
unci Clnssiort uf Art, 

Walton (F, W.L S«;u Sc hool 111 

Wnlton (Izanc) mid Cotton (ClmflcaL 
Seo 1*1. U, Slumllirtl IpIIhjhV, tnnl I-il|lr 
Library. 

Warron-Varmm (linn. Wllllnit*). M-«V 
READINGS ON TI31C INEEKNH Ml- 
DANTE, bayed on tho t. , wiinn*-nfc«My '-I 

Hknviikutoha Imoi-aaik) uiliciniidi 1 ill n. 
With nn Introduction hy tin: Ikv. 
Mocjkk. In Two ViiIuiiick. AV*e<r-/ /«'■«• 
Won, enliroly rnAvrlitun. *.V. Frv*, t -m. *t i •*. 
Wnterliouao (Mrs. Alfred), WIT H l It I 
SIMPLK.JIKAUTKD: I.ltllc I i« 

Women !u Couhlty Pine ups. Sr£iH/,{ J ktitton 

Sr/ittH l 'olt B?c0» 9(. net. 

S<m also Little Library, 

Wonthcrluwd (T. C.), M.A* 1CX AM I'M A 
TION PAPERS IN If OH ACE. f'nAv. 
ox. Soo nlso luidor Evuiuliunlun Srilr-j, 

Wohb0r(F» C,}. Sno TaxtbunWn >jl TV, Im<> 
logy* 

Wolr (Archlbnld), M.A. AN INTRO- 
DUCTION TO Til 10 1HSTUJ1Y HI 
MODERN EUROPE* Cr. Un*. I'm. 
Wells (Sidney 11.) SccToxlhunlcsuf S, |. n, 
Wellfl(J.),M. A,, I'nllownml 'I'lilirr^l Wm |li <iu 
ColleRQ. OXFORD AND MXIMIMI 
LI PK. Third Edition. Cr .It. ... f r 
A SHOUT HISTORY OF ROM I*;, a, ircM 
Edition, With 3 Mayc% CV, (Irv. |i r f|./ r 
See rlso Lit tin Guide si, 

Witold on CP, W.). A LITTLE HKO IT l lj( 
TO THU BIRDS. With ij IlluiitnHon*. 
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7 of which nre by A, H, DuckkaNd. Laree 
Cr. Bvo. 6s. 

Wltiblcy(C). Sea W, E. Honley. 

WJilbloy (L,), M.A,, Fellow of Pembroke 
Colloi'D, Cambridge. GREEK OLIGAR- 
CHIES: THEIR ORGANISATION 
AND CHARACTER. Cr.Bvo. 6t . 
Whitaker ((I. II.), M.A, Seo Churchman'* 
llililc, 

While (Gilbert). THE NATURAL 
HISTORY OF RELHORNK, Edited by 
L. C. Mi all, F. R.S., assisted by W. Wahde 
F oyrMtH, M.A. Cr. 6 vo. 6 1, 

Seo also Standard Library. 

Whitfield (R. P.), Sea Commercial Series, 
WliUchond (A. WA GASPARD DE 
CO IiIGN V. Illustrated. Demy 8 vo. 
tor, 6d, net. 

Wlilteloy (R, Lloyd), F.LC., Principal of 
Imq Municipal Science School, West Brom- 
wich. AN ELEMENTARY TEXT- 
BOOK OF INORGANICCHEMISTRY. 
Cr . Btvj. bj, 6 d, 

VVIiUIoy(Mlfls). Seo T«aclv Dllko. 

Whitten (W*). fioo John Thomas Smllli. 
WliylefA, G.), TbSc, Seo Books on Bu.sinc.sa, 
Wllborforce (Wilfrid), Seo Little Hook* 
on Art, 

Wlldo(Oscnr), DK PROFUNDIS. Ninth 
Edition. Cr, , Bvo. 5/. net. 

A Colonial Krdliion 11 nlao publlahod, 
TTIK IHJCHICSS OF PADUA. DemyBvo. 
TUT, 6d, uet. 

I’OICMS, JHmy Bvo, 1as.6fi.ust, 
INTENTIONS, Jinny Zvo. 1 as. 6d. net. 
SALOME, AND OTHER PLAYS. Demy 

67 *0, 13 S. 6l/. IlSi, 

LADY WINDERMERE'S FAN. Demy 
8 vo. 1 as. 6d, net, 

A WOMAN OF NO IMPORTANCE. 

Demy flro. ias, (hi. net. 

AN I Dll', AT, llUSllAND. Demy B vo, 
ill s. 6d. net. 

Til 1C IMPORTANCE OF BEING EAR- 
NEST, Demy Bvo. is s. (hi, net, 

A HOUSE OF rOMEG RAN AXES and 
THE HAPPY PRINCE. Demy 8 vo. 
t as, 6<f. net. 

LORD ARTHUR SAVILE’S CRIME and 
OTHER PROSE PIECES. Demy Eve. 
13J. Cd. net. 

Wilkins <W. II.), B.A. THE ALIEN 
INVASION. Cr. Eve. as. (hi. 

Wllllmitfl (A.), PETROL PETER: or 
Pretty Stories nntl Funny Pictures. Illus- 
trated In Cnlour by A. W. Miua Demy 
etc. %*, 6fi. uet. 

Williamson (M. G.). Soo Andem Cities. 
Williamson (W.). THE BRITISH 
GARDENER. Illiwlmied. Demy 8 vo. 
tfv. M. . . • 

Williamson (W.), B,A. See Junior Ex- 
nmhmtiun Sorlos, Junior School Books, and 
Denlnuor’s Books, _ 

Willson (Bocklop), LORD STRATH- 
CION A: Ilia Story oMiIb Life. IlhifctrnUitt, 
Jit my 8fY>, ’js. Cd. 

A Colonial lull tl on h also published. 


Wllmot* Buxton (B. M.). MAKERS OF 
EUROPE, Cr.Bvx Seventh Ed. zs. <xL 
A Text-book of European History for 
Middle Fprms. 

THE ANCIENT WORLD. With Map* and 
Illustrations. Cr.Evo. 3 *. 6d, 

8ee alio Beginner’s Books, 

Wllson( Bishop.). See Library of Devotion. 

Wilson t A, J,)« Sea Books on Business. 

Wilson (H. A.). See Books on Business. 

Wilson (J. A.), Seo Simplified French 
Text* 

Wilton (Richard), M.A. LYRA PAS- 
TORALIS : Songs of Nature, Church, and 
Homo. PottBvo. at. 6 d. 

WJnbolt (S, BA M.A. EXERCISES IN 
LATIN ACCIDENCE. Cr. Zvo. is. 6 d. 

LATIN HEXAMETER VERSE: An Aid 
to Composition. Cr. Zvo. 3/. 6d. Kry, 
net. 

Wlndlc (B. C. A.), F.R.S., F.S.A. Soo Anti- 
quary’s Books, Little Guides, Ancient 
Chic*, and School Histories, 

Wlntorbothnm (Cauoo), M.A., B.Sc., 
LL.B, Soo Churchman's Library, 

Wood (Sir Evelyn), F.M., V.G, G.C.B., 
G.C.M.G. FROM MIDSHIPMAN TO 
FIELD-MARSHAL, With 34 Illufitra- 
tiona nnd Maps. Tibo Volumes. Fourth 
Edition. Demy 8 vo. a«, tiei. 

A Colonial Edition Ib also publlahod. 

Wood (J. A. B.). Seo Textbooks or 
Technology. 

Wood (J. Hickory). DAN LENO. Illua- 
troted, Third Edition, Cr, 8 w>. 6s. 

A Colonial Edition la also published. 

Wood (W. Blrkbeckk M. A., late Scholaror 
Worce Bier College. Oxford, and Edmonds 
(Mnlor J. BA fe.K., D.A.Q.-M.G. A 
HISTORY OF THE CIVIL WAR IN 
THE UNITED STATES, WlLh an 
IntroduciioD by H. SrnN8 ER Wilkinson. 
With 34 Maps nnd Plans. Demy 8 vo. 

1 or, 6d. net. 

Wordsworth (Christopher). See Anti- 
quary's Hooka. 

Wordsworth (W.). POEMS BY. Selected 
by STorFORi> A. Bbooke. With 40 Illua- 
tiftllons by Edmund H. New. With a 
Frontifiploca In Photogravure. Demy Bvo. 
71 . 6d. net. 

A Colonial Edition U abio publishid. 

Wordsworth (W.) and Coleridge (S. T.Y 
Sou Little I, Ibrary. 

Wrlff lit (Arthur), D.D., Fellow of Queen's 
Collego. Cambridge. Seo Churchman’s 
Library. 

Wright (C, Gordon), Sea Dante. 

W rig lit (J. C.). TO-DAY. Demy i6mo. 
is. 6d. net. 

Wright (Sophie). GERMAN VOCABU- 
LARIES FOR REPETITION. Fcafi. B vo 
is. 6 ft. 


Wrong (Ooorgo M.), Professor or History 
tn the University of Toronto. THE 
EARL OF ELGIN. Illusl rated, ^ Demy 
Bvo. 7 s, 6d.net, . 

A Colonial Edition is also publliued. 
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Wyatt (Kate WO: ^j^/tnY^SINIA. 

W ?Vi'h l a Ma^’and °Ponn.U. 1km, «** 

IS a colonial Edition la al*o P^wp^fuE 

tpFARE ° With an Introduction and 
ffV" «■• Buckram, S ,U top. 

i ax. fit/. T _ , n \ THE LAND 

'Tf’^HEHLACR M^UNTAIN llcirB 
ft Description of Montenegro. With to 

Illuslrttiions. Cr. 8 ^qq,!|'o F IRTSH 
Ye ?‘ E 8 R ^- Selected from Modern Writer.. 


Cr. 


Rtviud and Jinlar^ed Edition. 

S A pnW fynl. 

v ^fe-rti»sfKvi«;^ 

WorkaudWorkerK. 6 /\ 8 rw. t . Mh x 

CITY? Fcafi.Zvo. u. oil. net. 


Ancient Oities 

General Editor, B. C. A. WINDLE, D.Sc., IMt.S. 
Cr. S vo. 4 s. Grf. net. 


Chester. By B. C. A. Windle. D.Sc. F.R.S, 

Illmlrnledby E. H. New, 

Shrewsbury. By T. Auden, M.A., 

Cs"ry. By JVC. Co*, LUD., F.S.A. 

. EmNDOTail! 1 * By M, G. Williamson, M.A. 
N ^Illustrated fcy Herbert Rillton. 


L.NC01-H. By E. Mnnscl J 


J i5, ' 1 1 lustra led bv K._ H . Now. 
c(l I 1 


nRiBTra- By Alfred" Harvey. HI"* 

D u'ut.iM. FT l)y s'. A. O. FlUpntrlek. I H»M 
by W, C. Grocit. 


The Antiquary’s Books 

General Editor, J. CHARLES COX, LL.D, 
Demy 8m is. 6d. net. 


si 

Tfiob. 

TUest 
FOR 
tion. 

Tomi)kli l tbot S Ga.quer J , ,, o!9.B? y Illustrated. 

rSHS^t 

NOT! 


F.S.A. 


OP THH PRRlIIfiTOHlC Ar.K IN 

’iV-^ND. By B. C. A. Wlndlo, D.Sc.. 
Mag \yitb numorom Illustration* wul 
r g ’ 

T W 1 SKR\ncK Books of titk ENOLiflii 

t °Wch. By ChrUtophor WordBWonh, 
“fa. A., nnd Honry LUtlehulc*. With 
Coloured and other I llus trillion ij. . 

Celtic Art. By T- Romilly Allen. F.S.A. 

With numerous IllusLrailonc and Pinna, 
Archeology and False Antiquities, 
By R. MuDro, LLD. Illustrated. 

Shrines of Britirh Saints. ByJ. C. Wall. 
With numcrou* Illustration* and Plan*. 


The Royal Forests of EmUrAwn, 

C. Cox, LL.D., F.8.A. I Huh t . 
Thu Manor ani> Manorial Unr 
By Nathaniel J. Hono. 11 IiisIthIu.I, 
English Seals. By J. Jinrvoy II 
Illustmtcd, . 

The Domesday Inquest. ■ Hy Adi 
Ballard, 11. A., LL.ll. Willi *7 W" 1 ' 1 , 1 ' 
Thu Brasses of Knot, anil By II 

W. Macklln, M.A. Willi many 111 until 
Second Edition. 

Parish Life in MunwiVAi. Kwh-aiii 
the RlRht Rov. AbhoU iIxiM|Uul t J 
With many Illufllmlloiis. Second Ju 


The Bells' op Engi^nu. Bv Ciuioii 
W l t ^ iiiuairi 


Raven. D«I>.» F.S.A, 
Second Edition, 


The Arden Shakespeare 

Demy 8 vo. 2 j. 6d. net each volume. 

General Editor, W. J. CRAIG. 

An edition of Shakespeare in single Plays. Edited with n. full Introduction, I 1 
Notes, and a Commentary at llio foot of the page, 

Hamlet. Edited by Edward Dowden. I Kino Lkail KdlLcil by W. J. Crnln. 
Romeo akd Juliet. Edited by Edward Julius Caesar. Edited bv M. Mum 
Dowden. j Tub Tbhphbt. Edited by Morcum 1 . 
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AhdrN SHAKESPEARE— continued. 

Othello. Edited by H, C. Hart, 

Titub Ahdronicus, Edited by H. Ib Ball- 
don. 

Cymbklinb. Edited by Edward Dowdeo. 

Tub Merry Wives op Windsor. Edited by 
H. C. Hart. 

A Midsummer Night's Dream. Edited by 
H. Cunlngbam. 

King Henry V. Edited by H, A. Evans, 

All's Well That Ends Well. Edited by 
W. O. Brigstocko. 

Tun Taming or the Shrew. Edited by 
R. Warwick Bond. 

Timon of Athens. EdlLcd by K. Deichton. 

Measure for Mea 9 ukil EclUod by H. C. 
Hart. 

Twelfth Night, Edited hy M or eton Luce. 


The Merchant of Venice, Edited by 
C. Knox Pooler, 

TroiluS and Cressida. Edited by K, 
Doighton. 

Antony and Cleopatra. Edited bvR, H, 
Case. 

Lovk'3 Labour's Lost. Edited by H. C. 
Hart. 

The Two Gentleman of Verona. R. 
Warwick Bond. 

Pkriclhs. Edited by K. Delghton. 

The Comedy of Errors, Edited by H. 
Cunlngbam. 

Kino Richard in. Edited by A H. 
Thompson, 

King John. Edited by Ivor B. John. 


The Beginner’s Books 

Edited by W. WILLIAMSON, B.A, 


Earv Frencu Rhymes. By Henri Blouet, 
Second Edition. Illustrated, Fcap. 8 vo, ix. 

I£asy Storihs from English History. By 
E. M, Wllmot-Buxlon, Author oT 'Makers 
of Europe.’ Second Edition, Cr. B vo, it. 

Rasy Exfucirks in Arithmetic, Arranged 
by W. S, Beard. Second Edition . Fcap. 


Sou, Without Answers, ix. With Answer*, 
ix. 3^. 

Easy Dictation and Spelling. By \V. 
Williamson, B.A. Fifth Edition. Fcap. 
Evo, ix, 

An Easy Poetry Book, Selected and 
arranged by W. WilUauiBon, RA,, Author 
of ' Dictation Fas sagei.' Cr.ftvo. ix, 


Books on Business 

Cr. 8vo, zj, 6d. mi, 

“Ports and Docks, By Douglas Owen- The Automobile Industry. By G. de II, 
Railwayh. By E,R. McDermott. Stone, 

Tiib Stock Exchange. By Chns, Duguld. Mining and Mining Investments, By 
Second Edition. 'A. MoiL' 

The Business of Insurance. By A J. The Business op Advertising. By Clarence 
Wilson. G. Moran, Barrlster-al-Law. Illustrated. 

The Electrical Industry: Lighting, Trade Unions. By G. Drage, 

Tn action, and Powkr. By A. G. Whyte, Civtl Engineering. By T. Claxton Fldler, 
B.Sc. M.Inct. C.E. Illustrated. 

Tub Shipbuilding Industry: Its History, The Iron Trade of Great Britain. By 
Science, Practice, and Finance. By David J, Stephen Jeani. Illustrated. 

Pollock, M.I.N.A. Monopolies, Trusts, and Kartells. By 

Tiik Money Market. By F. Straker. F. W. Hind, 

The Business Sum of Agriculture, By The Cotton Indubtqy and Trade, By 
A. G. I*. Rogers, M.A. Prof. S. J. Chapman, Doan of the FacaUy 

* Law in Business, By H. A. Wilson. . of Commerce In tba University of Man- 

Tin? Brewing Industry. By Julian L. chaster. Illustrated, 

Baker, F.I.C., F.C.S. 

Byzantine Texts 

Edltcdby J. B. BURY, M.A, Lltt.D. 

A series of texts of Byzantine Historians, edited by English and foreign scholars. 

Zaciiahiah of Mityi.enr. Translated by F. | The History of Pabllos, Edited by G 
j. HmnllLon, D.D., and E, W. Brooks. Sathas, Demy %vo, i«. net. 

DemyBvo. i vx,6d.net. Kcthebi9 Chronica. Edited by Professor 

I...... Lnmbros, Demy Bw, yt.6d.net. 

7 PhrAGRtus. Edited by Lion Pnnnem lor ami The Chhoniclk of Morsa. Edited Ly John 
• M. illdcz. Demy 0tw>, i oj.6d.tiet- Schmitt. Dewy Sp<?. iflj. net. 
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The Churchman's Bible 

General Editor. }. H. BURN, MX. RR.S.E. 

Ftap. 8 vo. lx. 6 iA net each . 

position of tho nook, wid any olhjfir p (H-tlcutora i Ihn ‘"‘"V '»'!> .... 

Srr tows?5yfw» tax - 

deemed necessary being placed in footnotes. 

Tiir I IsA '"^ ““will? Minii" Sj ror/,. 


I I IK H.PIBTLH OF 31 . rftuu i '“V nt tYi t 
THE Galatians. ttdiLcd by A, W. Robin- 
ton, ftt. A. Second Edition* 

Ecclesiastes. Edited by A. W. Stroanc, 
D,D. 

The Epistle op Sr. Paul the ArOBTLi: to 
the Philitpiaub. Edited by C. K, U. 
Biggs, D.D. Stcond Edition, 

The Epistle of St. James. Edited by 
H. W. Fulford M.A. 


MAJAUt i'Aiuwi i p / • ; m 

Volumes* With Mmi, 0, ‘ "**?**'* , , 
Tiir Khsti.h ok Ht. I'aui. tmj: Ai •<»■• ( ■ 
Tim I'li'irmrANM, Iullledby <*. II. Whli* 
M.A. 4 M 

Tiir Gospel Accokoino to Jn »• • 

. Edited by J. C. 1>U Hulh?KUi t M-A. '> 
net* . ... . 

St. Taui/h Kiwn.un to tiik } ' 

anpI’htusmon. Edited liy 11. J.< , Kn 

at. a: tit. net. 


The Churchman's Library 
General Editor, J. H. 13URN, H.D., F.R.S.K 
Croion 8va, 3 j* 6/A each. 


Thk Beginnings of English Christianity, 
By W. E. Collins, M.A. With Map. 

The Kingdom Or Hbavk'n Hrtie and ITArr- 
aftrh, By Canon Wlntefbotham, M.A., 
B-Sc., l/L-B. 

The Workmanship of the Prayer Uodk: : 
Ita Litemry and Llliirglca.1 Aspects, l)y. J. 
Dowdti, U.D, Second Edition, 
Evolution. By F. B. Jovona, M.A., Lltt.D. 


Somh Nrw Tkstamknt Vltmil.tiMHi 
Arlitur Wright, D. I ). fa* 

Tiir Ciiuhcii man's Irmontrr/rinw tu 
Oli> Testament. By A. M. Miti.Voy, I 

Tiih Church cat CmitflT. lly 15 . 'I 1 - ib 
M.A. fa. 

Comparative TiinouiliV. Hy J- A. * 
Cullocli, Of. 


Olaealcal Translations 

Edited by H. F. FOX, M.A. , Fellow nnd Tutor of hrasonoso CoHof'e, Oxfnn 

Crown S vo. 

A series of Tran stations from the Grcok rind Lnlln Classics, distinguished l»y ljl<*! 
excellence os well us by scholarly Accuracy. 

jfecMVLua — Agamemnon Chotrabnroo, Ku- IToiiack — T hn OdoD nnd Epnilos. Tirttnl 
menldeis. Translated by Lewla Campbell, by A. Ib Goilley, M. A. tiir. 

LL.D. 5j. Lucian— Six Dlnlogues (Nlurmun, mint- 

Cicero— Do. Orator o I. Troiulated by E. N. nlppus, The Cook, TJ10 Slim, Tim Wu,\ 
P. Moor, LI. A. 3 1. 6ri. Tho Iioyor of Falsehood) JTnnJibUi t .1 ) 

Cicero— Select OrntLorcfl Gh-o Mlloue. Pro T. Irwin, M.A. a*. tk/« 

Moreno, PhlHpplc.il, ; In Colllinam). TrtmS- Soi'imci.KJt— Klcclrn widAJnx. T'lniihhiir 
latedbyH. K. D. Blakiiion, M.A, 51. EL ]). A. Moralioml, M.A, nf. firf, 

Chteho — H e Naium Dcorun. Tmnjlaled by Tacituh — Agricnln niul f.hunmriifi. T< 
F. Brooks, M.A. 35. 6d. ' latoil by R. B. TowiiBbeml. us. IV/. 

CicKRO^-Dfl OfHcib. Trunslftted by G, B, Tjik Satirhr df JuvUhal. Truh%lj»C» < 
Gardiner, M.A, nr, 6d* S. G. OsYfil). VI. d/f. 
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Glassies of Art 


Edited by Ds. J. H. W. LAINQ 


Tun Amt oftmkGukukh. IlyH. B. Walters, 
Wiih iia Plates and 18 Illustration* Id the 
Wide Royal Zvo, i zj.6d.net* 


Velazquez. By A. do Be*uete. With 
Plates. IV ide Royal Bv<?. 10/, §d, net, 


94 


Commercial Series 

Edited by H. Da B. GIBBINS, IJttD,, M,A. 


Crown Svo, 


Com uriRci al Education in Theory and 
Puactich. By E. 1£, Whltflold, M.A,. 3/. 
i An Introduction to Methuen's Commercial 
Scrius treating the question of Commercial 
Education fully from both the point of vlosv 
of tli q toneber and of the pnrenL 

BniTlKl [ COMMEKCU AND COLONIES FROM 

Ki.iZADicrit to Victoria- By H. do B. 
Gibhins, Litt.D,, M.A, Third Edition, it. 
Commercial Examination Papkhs, By H. 

du B. Gibblns, Litt.D., M.A. it. 6d, 

Tub Kconomtca ok Commerce, By H, de 
B. Hibbins, LIu.D., M.A, Second Edition, 
is, Cd. 

A (Jkkman Commercial Reader. By S. E. 

Hally, With Vocabulary, or. 

A Commercial Geography ok tub British 
ICm i'i itK. By L, \V. Lydo, M.A. Sixth 
Edition, oj, 

A COMMRUCIAI. GF-OORAntV OF FOREIGN 
National By F, C, Bqdd, B.A. w. 


A Primer op Business. By R, Jackson. 

M.A. Third Edition, it . 6d. 
Commercial Arithmetic. By F„ G. Taylor. 

M.A.' Fourth Edition', it, 6d, 

Frrnch Commercial Corrbspondrncr. By 
S, E. Bally. With Vocabulary. Third 
Edition . or. 


German Commercial Correspondence. By 
3. 15. Bally. With Vocabulary- Second 
Edition, or. 6d. ’ 

A French Commercial Reader. By S. E. 

Bally. With Vocnbu buy. Second Edition, or. 
Precis Writing and Office, Correspond- 
bncb. By E, E. Whitfield, M.A. Secona 
Edition, it , , 

A Guide to Professions and Business. 
By H, Jones, if. Gd, 

The Principles of Book-keeping by Double 
Entry, By J. E. B. M'Allon, M.A. is, 
Commercial Law. ByW. Douglai Edwards, 
Second Edition, it, 


The Oounoisseur’s Library 

Wide Royal 8 vo. 25 s, net. 


A sumptuous scries of ao books on rut, 
Illustrated In photogravure. collotype, and 
duly treated. The first volumes are— 
Mt'ZiSOTinTR, By Cyril Davenport. With 4a 
lMnlos In Photogravure. 

PoUchlain. lly Edward Dillon, With 19 
Pinion in Colour, no In Collotype, and j In 
Photogravure. 

Miniatueus. By Dudley Heath. With 9 
PJnlflrt hi Colour, 15 In Collotype, and 15 In 
Photogravure. 

Ivories. By A. Mnskcll. WUh Bo Plates In 
■ Collotype and Photogravure, 

Knomsii Furniture* By F. S. Robinson, 
Willi 160 Plates in Collotype and one In 
Pbatogrnvuro, -Second Edition. 


written by exports for collectors, superbly 
colour. The technical Bide of the art Is 

European Enamels, By Henry H. Cuayng- 
hnme, C. 11, With <4 Plates In Collotype 
and Hnlf-lone and 4 Plates In Colour. 

Goldsmiths’ and 8ilvkrsmit,hb' Wqkk, : By 
Nelson Dawson. With many Plates in 
Collotype and a Frontispiece in Photo- 
gravure, 

English Coloured Books, By Marlin 
Mardic, With 28 IllustrotlonB In Colour 
and Collotype. J 

Glam. By Edward Dillon. With 37 Illus- 
trations In Collotype and ta In Colour. 


Th.o Library of Devotion 

WUli Jntradyotions and (where necessary) Notes. 
Small Pott S vO) cloth, a;. ; leather, 2s, Cd, net. 


Thu Confrabions ok St; Augustine, Edited 
by a DlgfiJXDj, Fifth Edition, 

Tint Christian >Yl: ar. Edited by Walter 

LookrP.D. Third Edit inti 


The Imitation ok Christ. Edited by G 
Bigg, D,D. Fourth Edition, 

A Book of Devotions. Edited by J. W. 

Stanbridflfl. B,D* Second Edition 


[Continued. 
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Tub Libsakv OF Devotion— continued. 

Lyra Innocentiuu, Edited by Wdlor 
Lock, D.D. 

A Serjous Call to a Devout and Holy 
Life. Edited by C. Bigg, D,D. Fourth 
Edition , _ 

Thk Temple. Edited by E. C. S. Gibson, 
D.D. Stcond Edi tiotc. 

A Guide to Eternity. Edited by J. W. 
Sianbrldgej B.D. 

The Psalms of David, Edited by B. W. 
Randolph, D.D, 

Lyra Apostolica. By Cardinal Newman 
and othori, Edited by Canon Scott Holland 
end Canon H. C. Beeching, M,A. 

Tub Inner Way. ByJ.Tauler, Edited by 
A. W. Hutton, M, A. 

The Thougntb op Pascal. Edited by C, 
S. Jerrum, M.A, 

On the Love ok God. By St. Frauds do 
Sales. Edited by W. J. Knox-Little, M.A. 

A Manual op Consolation prom the 
Saints and Fathers. Edited by J. H. 
Burn, B.D. 

The Song of Songs, Edited byB. Blaxland, 
M.A. 

Thk Devotions op St. Anselm, Edited by 
C. C, T, Webb, M.A. 

Grace Abounding]. By John Bun y an. Edited 
by S. C Freer, M.A. 

Bishop Wilson’s Sacra Privata. Edited 
by A. E. Burn, B.D. 


Lyra Sacra j A Hook of Sncrud Vihac. 
Edited by H. C. Dccching, M. A., Cmimi or 
Woilminster. 

A Day Book. from the Saints and i atjiiikn» 
Edited by j, H. Burn. B.D. ^ 
Hkavenly Wisdom. A .Salocluiti fi‘»m B 1 *' 
English Mystics, Edited by K. C. < !n:gin y. 
Light, Life, and Lovic. A Select Inn imiii iii" 
Gerramt Mystics, Edited by W.lL I hk l ‘» ■ A* 
An Introduction to Thk pr.voin’ Lin\ 
By St. Francis do Sales. Truri slated mu* 
Edited by T. lioxna, M.A, 

Manchester at. Mondo: a ConminidMhm 
of Death and Immortality. By llcniy 
Montagu, Ktirl of MunchosLar. With an 
Introduction by Elizabeth WntwrlmiiMf. 
Editor of 1 A Little Book o [ Llfu mid Mi ni h 
Tiie Little Flowers of thk (ii,i>wmr< 
Mkrsbr St. Francis anm «u r m:i 
Friahb, Dona into English by W. ISc^' 
wood. With an Introduction by A. I*. 
Fcrrors Howoll. 

The Spiritual Guidk, which Disoiilnritilri 
dim Soul and brings It by lira Inward \\ ny 
to tha Fruition of Perfect Con tcjiiplnt Itm, 
end lira Rich Treasure of lniurunl JV.ui?. 
Written by Dr. Mlchauldo Moliini!i. IMvsI. 
Trarulatod from lira Italian copy, |innUd at 
Venice. 7C85. Edited with n» liUrodm:lli»n 
by Kathleen Lyttelton, With a 1* refute Ly 
Canon Scott Holland. 


The Illustrated Pocket Library of Plain and Coloured Books 

Fcap 8 vo, 3 *. 6rf* ml each volume, 

A scries, In small form, of some of the famous ILIustmtod books of flalon mid 
general literature. Those arc faithfully reprinted from the first or best etlillouw 
without Introduction or notes. The Illustrations am chiefly in colour, 

COLOURED BOOKS 


Old Coloured Books. Dy George Pailon. 

With *6 Coloured Plates, Ecu/. 6 vo. as. Hit. 
Tim Life and Death op John Mytton, Esq, 
By Nimrod. With 18 Coloured Plates by 
Henry Aiken and T. J, Rawlina. Fourth 
Edition . 

The Life op a Sportsman. By Nimrod. 

With 35 Coloured Plates by Henry Aiken. 
Handley Cross. By R. S. Surtoes. With 
17 Coloured Plaits and 100 Woodcuta In Lh© 
_ _ Text by John Leech, Stcond Edition. 

Mr, Spongi’s Sporting Tour. By R. S. 
Surtcea. With 13 Coloured Plates and go 
Woodcubun tho Text by John Leech, 
Jorrocks’ Jaunts and Jollitibs. ByR. S. 
Surtees. Wuh 15 Coloured P]mea by H. 
Aiken, Second Edition. 

This volume is reprinted from the ex- 
Uemely rate and cos tly edition 0^843. which 
coduIps Aiken a very' fin® lllu&tralkms 
instead of the usual ones by Phiz, 

^ R , S ' Surtect With 13 

T^JobhM 70 WMdcU ‘ B 111 *■ 


Tint Analysis of thk Hunting F1n1.1t. 1 ly 

R. S, Buricci, With 7 Coloured Pin tea l»y 
Henry Aiken, and 43 IJlustrntloiirt un WhimL 
Tub Tour ok Dk. Syntax in Kkahch \>v 
THU Picturescjuk, By Will In in Cumin'. 
With 30 Coloured Pintos liyT. Itowlmidnuu. 
Tub Tour of Doctor Syntax in Skahch 
of Conrolatjon. By William Cllllllil!, 
*4 Coloured PlnLaBby T. HowlimdM>ii. 
Tub Third Tour of Doctor Syntax in 
Search op a Wife, lly William Cmnhr. 
_ With 24 Coloured Pintos by T. RowIwkImhi, 
Tim IIibtory of Johnny Qua it Ohnuh; iIki 
Littlo Foundllnff or thu Jaio Dr. Synth*, 
lly the Author of 'Tim Three Toura,' With 
04 Coloured PlaLofl by Rowland ‘ion, 

Tub English Dance or Dkatii, /mm c I > 
Doftlgns of T, Kowltmdflun, with Mrtii< : .i 
Illusiratlona by the Author of ‘J.loctm 
Syntax/ TW Fein wet. 

Thla book conlolna 76 Coloured L’lnlcri. 
THnDANcsopL'FUi A Poem. Dy thoAniliui- 
of ^Doctor Syntax. 1 Illustrated wilt, A, 
t^oiourcd Engravlnga by T, KowIeiicJmhl 

[ConiinHVit 
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Illustrated Pocket Library of Plain and Coloured Books-mj»// w *A 


Likk in London : or, the Day and Night 
Scenes of Jorry Hawthorn, Esq., and hia 
iMagnm Friend Corinthian Tom. By 
Plerca Knan, With 36 Coloured Plates by 
L U, and CL Cruiluhnnk. With numerous 
Dossils on Wood, 

Heal Like in London: or, iho Rambles 
and Ailvoaturoa of Hob Tallyho, Eeq.. and 
1 1 1 n Con am. The Hon. Tom Dashall. By an 
Amateur (Fierca Egan), With 31 Coloured 
rimes by Allien nnd Rowlandson, etc. 
J'uh> roltune*. 

Tub Li pr op an Actor. By Pierce Egan. 
With 27 Coloured Platen by Theodore Lane, 
and fievornl l>eaignfl on Wood. 

Tiik ViCAli op Wakrfirld. By Oliver Gold, 
sniilh. Willi 34 Coloured Plates, by T. Row- 
landHon, 

Tub Military Adventure of Johnny 
Newcomb. lly an Officer, With 15 Coloured 
Pintos by T. Kowlnndion. 

TllR National Sports of Great Britain. 
Willi Daflcrlmlona nnd 51 Coloured PLalea 
by ITunry Alkcit. 

Tills fxiok in completely different from lha 
largo folio edition or ‘National Sporln'by 
[he uimo cull at, nnd uono of the plntca are 
ulniilar. 


Tiik Adventures of a Post Captain. By 
A Naval Officer, With 34 Coloured Plates 
by Mr. Williams, 

Gamonia l or, the Art of Preserving Game ; 
and an Improved Method of maltlnn Plantn* 
uons and Covers, explained and Illustrated 
by Ln’wrcnco Rawstome, Esq. With 15 
Coloured Plates by T. Rawlins. 

Apr Academy for Grown Horsemen : Con- 
laJnln^ the completcst Inilrnctlons for 
Walking Trotting, Cantering, Galloping, 
Stumbling, nnd Tumbling, Illustrated with 
or Coloured Platei, ana adorned with a 
Portrait of the Author. By Geoffrey 
Gambado, Etq, 

Rbal Life in Ireland, or, the Day nnd 
Night Soenca of Brian Boru, Esq., and bis 
Elegant Friend, Sir Shawn O'Dogherty. 
By a Real Paddy. With 19 Coloured Plates 
by Heath, Mnrki, etc. 

Tiib Adventures of Johnny Newcomb in 
the Navy, lly Allred Burton, With 16 
Coloured Plates by T. Rowlandson. 

The Old Enoltsh Squire: A Poem. By 
John Careless, Esq. With no Coloured 
Plate! after lha style of T. Rowlandion. 


PLAIN 

Thr C.raVU l A Poem. By Rohert Blair. 
Uhmiralail by ta Etching* executad by Louis 
Sdilavonoltl from lha original Inventions of 
William Blake. With mi Rr graved Title Page 
nnd n Portrait of lllnka byT, Phillips, rTA, 
Tha Illustrations are reproduced In photo 
Rravuro. 

Illustrations <w tiik Book of Tod, In- 
vented nnd flngrnvcd by William Blnke, 
Thwm ftunoun Illustrations— ai in uurabtr 
-'arc renroduced In photogravure, 

/Esor’n Faulks. Willi 380 Woodcuta by 
Thomas 1 In wick. 

Winpmik CaSTI.K, By W, Harrison Ainsworth. 
With m'j PIcuca nnd 87 Woodcuts in the Tost 
liy ( loorg;e Crulkshank. 


BOOKS 

The Tower of London, By W. Harrison 
Ainsworth. With 4oPlates and 58 Woodcuts 
in the Text by George Crulkahank. 

Frank Fairleqh. By F. E. Smedley. With 
30 Plains by George C rub: shrink, 

Randy Andv, By Samuel Lover. With 
Illustrations by the Author, 

The Complbat Angler. By Ixaak Walton 
and Charles Colton. . With 14 Plates and 77 
Woodcuts In tha Text. 

Tb Is volume Li reproduced from the beauti- 
ful edition of John M^Jor of iffai- 
Titb Pickwick Papers, By Charles Dickens. 
With the 43 IllufUradona by Seymour and 
Phiz, the two Baas Plates, nnd tho^a Con- 
I temporary On why a Plates, 


Junior Examination Series 


Edllocl by A. M» M. STEDMAN, M.A. Fcaf>.Zvo, is. 


Junior Frkncii Examination Papers, By 

F. Jacob, M.A, Second Iidllion. 

Junior Latin Examination Pai-uhb. . ByC, 

G, Bollltifl - , JLA. Fourth Edition. 

Junior KNn1.m11 Examination Paperb. By 

W, WillInmBoti, B.A, 

Junior Arithmetic Examination Pafekp, 

By W. S. Board, Third Edition. 

Junior At-ckdr a Examination Parers, By 

S. W. Finn, M.A, 


Junior Grrek Examination Paperb, By T. 
C. Wonthcrheadj M.A. 

Junior General Information Examina- 
tion Papers. By W. S, Beard. 

A Key to the above. 3#, 6 d. net. 

Junior Geography Examination Papim. 

By w. G. Baker, M.A. 

Junior German Examination Papers. 

A, Voegolln, M.A. 
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Junior Schco 1-Bo oka 


Edited by O. D. TNSKIP, LL.D., nnd W. WILLIAMSON, H.A. 


A Ci^as.Rook or Dictation Pamper. By 
W. Williamson, B.A. Twelfth Edith*. 
Cr. Zvo. u. 6 d. 

Thb Gosprl According to St, Matthew. 
Edited by E. Wilton South, M.A. With 
Threa Maps. Cr. Bzw. is. fi d. 

The Gospel Accor dingtoSt. Mark. Edited 
by A, E. Ruble, D.D. With Throo Mnpfl. 
Cr. Sw. i s. Set. 

A Junior English Grammar. By W, William, 
son. B, A. With numerous passages for parsing 
nndaaalyaii, and a chapter on Essay Wriilng. 
Third Edition . Cr. Zvo. as. 

A Junior Chkmjstry. ByE, A. Tyler, B.A- , 
F.C.S. With 78 Illustrations. Third Edi- 
tion. Cr. 80a. ar. 6 d. 

Tire Acts or thk Apostles, Edited by 
A. E. Ruble, D.D, Cr. 8r/d. as. 

A Junior French Grammar, By L. A, 
Somet and if. J . Acatou. Cr. 8rw, or. 


Elementary Experimental Sciimnc. 1'nv- 
Bicsby W.T.CIohrIi, A.R.C.S, Cm'-r.ijvi »< y 
by A. K/DiuiRian, H.Sc. With a Pliiir-i him I 
134 Diagrams. fourth Edition. C’>\ B*./, 
b j, 6 d. 

A Junior Geometry. By Norl S. I.yilon. 
with 376 Diagrams. Fourth Edition. f -V . 
8 rtf, e»j, 

Elementary ExI'URIMENtat. Ciiv.mimhy. 
By A, E. Dimatim, 11. Sc. With 4 PUiieMUm 
109 Diagrams, .Second Edition. tV-Hiv- J'. 
A Junior French Probh. Hy R. K. N. 

Baron, M.A, Second Edition* Cr. Rw. S't, 
The Gospel According to St. T.ukja Wit U 
an Introduction nml Nolos l»y 
Williamson, B.A, With Three t‘r. 

8 s vo. as. 

Tiub First Book of Kings. Ktllieil Iv 
A. E. Rubik, D.D. With Maps. Cr. *liv. 
af. 


Loaders of Religion 

Ediled by H. C. BEECHING, M.A., Canon of Westminster, With Portraits. 


Cr, 8 vo. 2s, net. 


Cardinal Newman. By R. H. Hutton. 
John Wesley, By J. H. Overton, M.A. 
Bishop Wilberforce. By G. W. Danioll, 
M.A. 

Cardinal Manning. By A* W, Hutton, M.A. 
Charles Simeon. By H. C. G. Moide, D.D. 
John Keble, By Walter Lock, D.D. 
Thomas Chalmers. By Mrs. Olipbunt. 
Lancelot Andrbwes, By R. L, Ouloy, 
D.D. Second Edition. 

Adoustin* of Canterbury. By E. L. 
Cults, D.D. 


William Laud, Tly W. IT. Hutton. M.A, 
Third Edition. 

J ohn Knox. By F. MncCiiiin, Second Edition. 
ohn Howe. By R, F* Horton, iU>. 

Dsifop Ken, By F, A. Clnrko, M.A. 

Georgr Fox, the Quaker, JJyT. |[c*luUii, 
D. C. L. Third Edit fori. 

Jotin Donnil By Aupunlm iLl). 

Thomas Cranmkr, By A. I. Mamhi. D.lJ. 
Bishop Latimer. By R. M. Carlyle nml A, 
J. Carlyle, M.A. 

Bishop Butler. Uy W. A. Spoon nr, M.A, 


Little Bookfl on Art 


With many Illustrations. Demy 16 mo. 2 s. 6 d. not. 


A senes of monographs ia miniature, containing the complete ontlliio of ilm 
subject under treatment and refecting mlnuto details. Those books me lirurtm-cA 
wilh the greatest care. Each volume consists of about 300 pagea, and contuinii from 
30 to 40 illustrations, Including a frontispiece in. photogravure, 


Greek Art. H. B. Walters, Third Edition. 
Bookplates, E.AlmAck. 

Key hold a, J. Slme. Second Edition, 
Romney. George Pas ton. 

Greuze and Boucher. Eliza F. Pollard. 
Vandyck. M. G. Smallwood, 

Turner. Frances Tyrrell-Glll. 

DOreh. Jeule Allen. 

Hoppnee. H. P. K. Sklplom 
Holbeih. Mrs. 0. ForlesCue. 


Watts. R, R, D. Skaicldoy, 

Leighton, AllcoCorkmn. 

Velasqurz, Wilfrid Wlllrarforcc nml A, U. 
Gilbert, 

Corot, Alice Pollard nml Ethel lUrnmiiml, 
Raphael, A. R. Dryhurst, 

Millet. Natta Peacock. 

Illuminated MSS, J. W. Bradley. 

Christ in Art. Mnt, ITanry Jumier, 
Jewellery. Cyril Dnvanpurt. 
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Littl* Hooka on Art— continued. 
UuRNtt-ToNER, Fortunic do Lisle. 
Edition, 

Rrmdrandt, Mrs. E. A. Sharp, 


St tend Claudjl, Edward Dillon. 

The Arts of Japan, Edward Dillon, 
Enamels. Mn, Nelson Dawion. 


The Little Galleries 

Demy 1 6mo. 2s, 6d. net, 

A scries onilLlo books containing examples of the beat work of the great painters. 
Each volume contains 20 plates L11 photogravure, together with a ^hort outline of tbe 
life nwl work of the muster to whom the book Is devoted. 

A I.riTU Gallery or Rrynot.D9. I A Littlh Gallery of Millais, 

A l.ini.n Gau.kkv ok Komnrv, A Little Gallery of English Ports. 

A IjlTTJ.K U Af.LKHY OF HOPPNKH* 1 


The Little Guides 

With many Illustrations by E. H. New and other artists, and from photographs. 

Small Pott 8 vo, cloth } 2 j, 6d. net,', leather , 31 . 6 d, net, 

Messrs. MrthURN arc publishing a small series of books under the general title 
of Tiik Lri'TLR Guides. The main features of these books are (1) a handy and 
dimming form, (2) artistic Illustrations by E. H. New and others, (3) good plana 
and maps, (4) an adequate but compact presentation of everything that is Interest- 
ing In the natural features, history, nrolueology, and architecture of the town or 
district treated, 


Camhhuic.R and its Colleges. By A. 

llumllton Thompson, Second Edition, \ 
Oxford and its Collkoiib, lly J. Wolb, 

■ M , A, Seventh Edition. 

Sr, Paul’h Cathedral. By Georirc Clinch. 
Wkrtminstkk Ammv. By O. E, 'lroutbcck. 


Tiik English Lakful By F. O. Brnbani, M.A. 
Tiik Malvkkn Country, By 13. C. A. 

Windle, Ji.Sc.i F.R.S. 

SllAUEHl'ir.AUK’S COUNTRY. By B. C. til 
Wlnillo, I). Sc,, H.R.S. Second Edition, 

Buckinghamshire. By E, S. Rorcoc. 
CiiKsiliRK. IJv W. M, Oaillclmii. 

CoHNWAl.L. fly A. L. Snlmon. 

'DKunvsmun. By J. Chwlei Cox, LL.D,, 
F.S.A, 

DitVON. By S. Bnrlng-Gould, 

DohbKt, l Jy Frank K. Hcnih. 

Hampsiiikk. By J. OiRrleB Cox, LL.D,, 
F.S.A. 


Hertfordshire, By H, W. Tompkins, 
F.R.H.S. 

Thk Talk OF Wight. By G. Clinch. 

Kknt. By O. Clinch. 

Kerry. By C.P, Crane, 

Middlbibx. By John B. Filth. 

North AiipTONSHi hr. By WnLollng Dry. 
Norfolk. By W. A Dmt. 

Oxfordshire, By F. G. Brabant, M.A. 

Su pkolk. By W. A. Dutt. 

Surrey. By F. A H. Lambert. 

Sussex. By F. G. Brabant, M.A. Second 
Edition . . 

Thu East Riding of Yorkshire. By J. K. 
Morris. 

TiirNorth Riding of Yorkohirb, ByJ. E. 
MorrJi. 


Brittany. By 9. Barhe-Gould. 
Nohmandy. By C. Scudamore. 
Rosie By C. G, Ellaby. 

Sicily. By F. Hamilton Jackson. 


The Little Library 

With Introductions, Notes, and Photogravure Frontispieces. 

Small roll 8w. Ddch Volume 7 doth , if. 6d. net; leather , 2s, 6d. net. 
Anon. ENGLISH LYRICS, A LITTLE NORTHANGER ABBEY. Kdltad by E. V. : 

A 1 ! a?o ( J iuio ). PRIDE AND PREJU- U coon (Franc l a)* THE ESSAYS OF LORD 
DICE. Kdl ted by TC. V. Lucas. Two roh, BACON. Edited by Edward Wright, 

[Continued, 
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Messrs, Methuen’s Catalogue 


Tub Linxa Liiira*y— cott/intied, 

Barham (R. H.). THE INGOLDSfiY 
LKGEND3. Edited by J, B, Atlay, 
Ttvo Volumes. 

Barnett (Mrs. P. A.), A LITTLE BOOK 
OF ENGLISH PROSE. 

Beckford (William). THE HISTORY 
OF THE CALIPH VATHEK. Edited 
by E. Denison Ross, 

Blake (William). , SELECTIONS FROM 
WILLIAM BLAKK. Edited by M. 
PiKuaiwr, 

Borrow (George). LAVENGRO. Edited 
b y F. H i N D Rfi G r 0 om e. Two Volumes, 

THE ROMANY RYE. Edited by John 
Sampson, 

Browning (Robert). SELECTIONS 
FROM THE EARLY POEMS OF 
ROBERT BROWNING. Edited by W. 
Hall Griffin, M.A. 

Canning (0 Gorge), SELECTIONS FROM 
THE ANTI- JACOBIN ; with Gaonr.K 
Cannino'h additional Poems. Editad by 
Lloyd Sandkihl 

Cowley (Abraham), THE ESSAYS OF 
ABRAHAM COWLEY. Edited by H. C. 
Minchtn, 

Crabbe (George), SELECTIONS FROM 
GEORGE CRABBE. Edilod by A. C, 
Dean*. 

Cralk (Mta.), JOHN HALIFAX, 
ORNTLEM A N. Edited by Annk 
Mathosqn. Two Volumes. 

Craahaw (Richard). THE ENGLISH 
POEMS OF RICHARD CRAAHAW. 
Edited by Edward Hutton, 


Dante (Alighieri), THE INFERNO OF 
DANTE Translated by H, F. Cary. 
Edited by Pao rt ToyniiKK, M. A., D.Liil. 
THE PURG.VTORIO OF DANTE. Trane- 
liied by, H, F. Cary. Edited by Packt 
Tovndbb, M.A., D.Lltt 1 
THE PARADISO OF DANTE. Trans- 
luted by H. F, Cary, Edited by Paget 
Tqynuee, M.A,, D.LIlt. 


Darley (George)* SELECTIONS FROM 
THE POEMS OF GEORGE DARLEY, 
Edited by R, A. Stbratfrjlu. 


Deano (A. C.), A LITTLE BOOK OF 
LIGHT VERSE. 


Dlckent(Chnrloa). CHRISTMAS DOOKS. 
7W Volumes, 


Perrier (Susan). MARRIAGE, Edited 
by A. Gooohich . Fufjcr and Lord 
Iddesletoii. Two Volumes. 

THE INHERITANCE. Two Volumes, 
GaikelUMrs,). CRANFORD. Edited by' 
E. V. Lucas. • Second Edition, 
Hawthorno (Nathaniel). THE SCARLET 
LETTER. Edited by Pbkcy Dbarmi'u, 


Henderson (T. FA 
QF SCOTTISH V 


A LITTLE BOOK 
ERSE, 


Kents (John), POEMS, With an JiUrn- 
dnctlon by L, Binyon, and Notes by J. 


Maskfili.d, 

KJnglnke (A. W.). EOT HEN. With ;m 
Introduction nnd Notas. Second Edit ion. 
Lamb (Chnrlca), ELIA, AND THE 
LAST ESSAYS OF ELIA. Edited liy 


E. V. Lucas, 

Lock or (R), LONDON LYRICS. Hdlml 
by A, 1>. Godlhv, M.A. A rqurinl nf lli« 
bint Edition. 


Longfellow (II. W,). SELECTIONS 
FROM LONGFELLOW. Kill ml by 


L, M. FaITHFUI.!* 

Marvell (Andrew). THE l'GKMS OK 
ANDREW MARVELL Edited l.y 


Wrhiiit. 

Milton (John), THE MINOR l'OKM! 
OF JOHN MILTON. Edited by 11, O. 
Bhrchino, M.A,, Canon of Wumniiisiri. 


Molr(D. M.b MANS1IC WAUCI I. Edfctrd 
by T. V, Hkmdkkbun. 


NlcTiols(J. B, DA A LITTLE HOOK OK 
ENGLISH SONNETS. 


Rucliofoucaiild (La), THE MAXIMS UK 
LA ROCHEFOUCAULD, TrmrbUi-d 
by Dean Stahhupk, Edited by (I, H, 
Powta.iH 

Smith (Horace and Jnntcs), RHJKOTEM 
ADDRESSES. Edited liy A. D, (iuiu.i'.v, 
M.A. 


Storno (Lnurenco), A SENTIMENTAL 
JOURNEY. Edited by H. W. I'aitj., 
Tonnyion (Alfred, Lord). THE KAMA* 
POEMS OF ALFRED, LORD TEN N V. 
SON. Edited by J. Ciiurtun CuUm;., 
M.A. 

IN ME MORI AM. Edited l.y 1L C, 
Bakcminci, M.A. 

THE PRINCESS. Edited by Jii.ljtAluvJ " 
WnsuswoKTii. 

MAUD. Edited by Emkauktii WnntinuMimt. 
Tlinckomy(W. MA VANITY KAJIL 
Edltad by S, ClwvwN, Three Volumes. 
PKNDKNNIS, Edited by H. (Jwvw n. 
Three Volumes, 

ESMOND. Edited by S, Gwynk, 
CHRISTMAS BOOKS, Kdlledby S. (SwYim. 
Vaughan (Henry), THE POEMS OK 
HENRY VAUGHAN, Edited by K»wawi. 
Hutton. 


Walton (Jmk), THE COM PLEAT 
ANGLER, Edited by J. Buchan. 


Watorhoiiflo (Mrs, Alfrod), 
BOOK OF LIFE AND III 
by. Tenth Edition, 

Also on Japanene Paner. 

Hit, . 


A UTTJ.K 
■’AT H. Ltlh i:< I 

I.fttlhcr. ►;», 


SKLKCTIONH FROM 
WORDSWORTH. Edited by Nrnw.-M. 
C. Smith. 

Wordsworth (W.) and Coleridge (S. T-L 
LYRICAL BALLADS, EdU«fbyUi:o^,« 
Sampson, 
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Tho Lltfclo Quarto SUukoBpoaro 

Kiliirtt by W, J. CRAKJ. With IiUroriticllonn and Notcii 
JlUS ibfuo, hi 40 Vohwm* /.talker t priu if. net each volume, 
A tithwwy devolving Hook Cast* 105 . net. 


Miniature Library 

){i*).i int , ht uiinlalmt! of a fow inlrnv.llni' hooks which liuvii c|tmlLlitt» of 
himmnity, tlovoilou, ur lUumiy genius. 


V.tu n 11 Mon. 1 ’ A 1 liulofiiic mi Youth. lly I 
Mn.ii.l I li f -t Iri.iM. Kimn ihc million iml>< | 
li-.liiil hy W. r|t'knin(' in itl/ji, JWwy 
\ itftj. i,r> 1 ( fit* \ 1 f, nc/. 
l i .r ; 1 ti W’li.n HuWfi niu.1 Modem lu- 

i.i.-thi lly 1'nlwuol FU/dfiiutiL I'mm 
ihir rOilimi piihlNirri by \V, l , lchmln| , f hi 

,i;- Lc‘tt'jr>\ -jf, nf/. 

Tm: ‘ UunAiv.sv' or Ohaii KiiavvAm. )ly 
Kihviinl I'ii.H iriiilil. Fmm Mir nt nliiiun 
ofiBvii Third /w'ilien. is. net. 


Tim I Jr it or Kowaiip, Tamo llth'imm 1 op 
(’ uivioiuuv. Written by himself. From t ha 
nliihm piiniuil m Strawberry Hill In ilia 
your 176.1, /hi tty yinto, Leather, ar. net. 

Tint Vl-lluNS Ol' J>OM Fk AN CISCO QUKVllDO 
Vn.i.KOAii, Ktiii'lit of tho Onlnr <>T »St. 
Junior Miulr. Nnt'H*h by It, h. From ilia 
edition printed fur It. lIurrinHnmn, 
Leather. ,\t. net, 

I’oicm:* lly l)oi a (Ivarmvdl. From ilia adi- 
lUm of I. eating js, net. 


Oxford Biographios 


K: 1 ,;. fit it /t t u)hme % t fo/h, 2 ;. Cut. net ; leather t 3 u 0 d, net. 


Matjh Ai n.iiii'iii. lly I'unriToynhiiti, M.A., 
H.Uiu With tA IlhiMinilims A>>vm</ 

/ii/i 7 i.v| p ! 

Savona ro*l a. Hy F. li. H. ltmhhnrrthi M.A. ' 
Willi iJ llhi Ii.iIhiiiv .Sii. n.i F Jit ion. 

1 1 1 1 * 1 1 I Iowami. Hy F. t'. -i, dh'.mi, 1 ). 

frl tdomyiOit. With Ilf T llll».l l+ll hillM. 
*1 i-Tin v"-i»Mi Hy A. t *. JlrtihoN, ALA. Willi 

«) IlUtT.ll-lllMh'-i 

\VM,n i‘ It *11:1011. Hy 1 . A. Uylnf. with 
t .1 llhi?ii*»rii'i* 1 '' , 

K»ia . Hy !■:. V. 11. i upry. Whli u 

Min iiittiim'. , 

Tim Vunrif; I’m iiitiM Hy h. h. Irny. 
Wiih ■ j tHuttiuilnii'], 


Honni’p Huknh, lly. T. 1 \ Hcmlcri»ii 
Wlik tj llliihirutloiiH. 

Chatham, lly A. S. M'Downll. Wilh ia 
lllur.trulinii’i. 

Sr. Fjjahuh or Ajisihl lly Anna M» SLixl* 
itnri. With id 1 LluHtmtioiiK. 

Cautiino. lly W, AIIqoh l'lilllljw. With ia 

llliisirurioiifi, 

Ur.Ai:nm<i'irn>. lly Wnltnr SI11J10I. With 
llhiMrulliiiiH. 

(hiivniK. lly H, ( 1 . Atkiniu With ta l))ub' 
IrullmiN, 

Fcni'Min. Hy Vinoomit Si Cyre«. Wilh 
la IlhihlrAllons a 


Bohool Examination Sorlon 
hi I tied hy A. M. M. STKDMAN, M.A. Cr. 8 w, 


2 u Cut, 


Xn.iitiMi KcAMiHAHHfi l‘A« Hy A. M. 

M, Si M.A. IAmftrtni /1 /mw/im/. 

A l.rV, ts-Hril in Tm»»n uml Hr i vain 
Mir. only lo Iwt hud mi u|ipli<itllmi 
t.i ih« I *u hi blic ip. l(fih /util ion. 

f Hint, fit, net. 

I.aum K^aminatiiiti 1 ’ArPH'f. 11 v A> W« 

••{nrlmiHit M.A. ThtrHfMh luUtioo. 

Ki Y (Al l f/( /u fttion) h ’MH'il lltl MlxiVr. 

Ityji'Kii I'X.vmmi/itioh VAvinhi. My A. M. M* 
Slrdiumt. M.A. Ninth KMhatu 
Krv ( ThirU JMiihH) i^util at iihuw. 

fh, lift* 11 n r 

UKMMMI I^AMUIATKWI VALUHH. Hy H- 
MtftloU .W,v/,V iidUUtn 


Kuv {Third lit/ it ion) li.siicd un nlioro 
(m. net, 

ITimiiiiv Arm I Ihooiiaihiy l^'.x ami nation 

Ha it no. Hy l 1 . II. S|)i)ncit| M< A. Me com/ 

l*uvni( «i Kx amin avion I'Ai’KRKi lly H. Ki 
Hurl t M.A,, F.C.S. 

(.In Nh.it At. Knowikhok ICxami nation 

Hai'IIXU. Hy A. M. M. Hlcilmnn, M.A. 

Sfli/t 

Kuv (Fourth Fdilicn) hiuflil ns nbovr. 
7 x. net, 

l r ,XA mi nation Pai*hriv in Kknlihii Hiiitout. 
Hy J» Tult PlowilctbWnrdlaWi H.A, 
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Messrs. Methuen’s Catalogue 


School Hletorioa 


Illustrated. Croiirii Sjw, Is. 6d. 


A School History of Warwickshire. By 
B. C. A, Wiodlo, D,Sc. p F.R.S, 

A School History of Somerset. By 
Waller Raymond. 

A School History of Lancashire, by 
W. E. Rhodes. 


A Hen nor. History of Sunukv. 11 y 11 . K. 
Malden, M.A. 

A School Histohv ok Mmm.KSKX. Ily V. 
G. Phirrnnd F. W. Walton. 


Textbooks of Science 


Edited by G. F. GOODCHILD, M.A., n.Sc., nncl G. R. MILLS, M.A, 


Practical Mechanics. Ily Sidney H. Wells. 

Third Edition. Cr. 81/0, 3/. 6a. 
Practical Physics. By H. Slroud, D.Sc., 
M.A. Cr. 81 >0. 41. 6d, 

Practical Chemistry. Part i. By W. 
French, M.A. Cr, Sro. Fourth Edition. 
\s.6d. Part lr. By W. French, M, A., and 
T. H. Boardraan, M.A. Cr. 81/0. u. 64. 
Technical Arithmetic and Geometry- 
By C. T. Mlllis, M.I.M.E, Cr. Sow, 
3f. 6 d . 

Examples in Physics. By C. E, Jackson, 
B.A. Cr. Bt to. 3f. 6d. 


Plant I.ifk, Studies In (lardoi* and Srluml. 
By Horace F, Jnnos, F.C.S. Willi 
Diagrams. Cr. Evo. 3.1. tut'. 

Thu CoMri.ivrifi Scmim.' CiiEMisritv. Ily b \ 
Oldham, B.A. illustrated. l.V, titv. 

An Organic Ciikmistky unit Hcimm -. aiiii 
Technical Institute?*. liyA.IC. 

D.Sc. (Loud.), F.C.S. I Hum rn.f tnl. Cr, l?,r. 
Elementary Science Foil PlM'll. I'liAcm h’ . 
Physics Suction. Hy W. T. CMoiinli, 
A.R.C.S, (Lond.), F.C.H, GiritMisrity 
Skctjon. By A, rf, Dmurimi, 11 . S< , 

F.C.S. Willi a Plates find jo Dint; rum:'. 
Cr. $ro. □ s. 


Methuen's Simplified French Texts 


Edited by T. R. N. CROFTS, M.A. 


One Shilling each. 


L’Histoire i/UNBTui.irH. Adapted by T. R. 
N.Crofln, M.A. 

Abdallah. Adapted by J. A. Wilson. 


La Chanson dk Roland, 
Rlou, M.A. 

M£moihkb dk Cawchuw. 
Rhondefl, 


Adiijilcil hv ft. 
Adopted by |. V, 


Methuen’s Standard Library 

In Six funny Volumes. 

The Standard Library U a now series of volumes conminlim iha urtmL clilbslci of ibe 

the T kB 1! W A1J ‘ h0 Will ... 

Tcl t h^kSkt r i? P 1 C T r fe 3 ° r 1,1 Kclocl / ( ?n 1 * U the ambition or il.u jtnliliuln-j , m 
place the beat boots of the AnfflcKSfl\on race within tho reach of ovary render *0 (luu ilir- 

Sc^.ir e . Pr r,TTw t v t ?' nelhlnK ° T f ll “ d,v< ’ r6i ‘>’ «''<> **pl«ndcmr of .WWL 
characteristics of The Standard Lnihahy are four 1. SouNDNicsa ok Text a Chfai'm 1 ■ 

3 . Clearness op Tvm. .. Smn.ic.TV, Tim book. „ro well pHuiort oil r £*1 « r i 

rjlns framim'ift ^ whhm.t parallel In tho hUtory of p«fil.htog. ^tSSb vffij ' 

1 d HW"* andisiasuad In paper cover*, Crown Bvq. nft KIxihhkx uM m in 
o^^ l br.SS 1,ne 1,1 “ few eMM lo ”2 tuDk, n« tbauod u» lloil.le Vnh.t.o , 


of Marcus Aurelius. 
The tranilatlon is by R. Graves. 

Sekse and Sensibility. By Jane Austen. 
Emays and Counsels and Tub New 
Atlantis, By Francis Bacon, Lord 
VeioliUL 

Relioio Medici and Urn Burial By 
Sir TJipnms Browne. The text has boon 
collated by A, R. Waller. 


Tiiu Pilgrim's Proorprs, Hy John Hue 
Reflection a on tiin French Ritvnc.in 
By Edmund Burke, 

Tub 1 PoBMfl and Sdni;s of Ronruv Mu 
Double Votumo. 

1 HE Analogy of Religion, Natuhai. 

Revealed. JJy Joseph Jlullcr, lJ.il. 
The I oBMa of Thomas Chatthhtoil . 
VolmtJM, 

Vol, i.*— Miscellaneous Poama, 


Vtni. 

>1»N. 
It t, 
ArJ H 
III 1 1 
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Mivtuuen’s Standard Library— continued* 
Vol, n. — The Rowley Poems. 

Tub New Line and Sonnets. By Canto. 

TrimslutciUnto English byD, G. Rossetti* 
'L’om Jowiis*. Hy Henry Fielding. Treble Vol. 
CkANKcmu-, By Mrs. Gnskell. 

Tint I l i story op tiir Dkclink and Fait* of 
T im Roman Kmhkk. By Edward Gibbon, 

In 7 duubla volumes, 

T’lu; Text mul Notes lmve been revised by 
T, 11, Bury, LiLt.D,, but tha Appendices of 
llic moro expensive edition are not given. 

Tmt Vicar op Wakefield. Dy Oliver 

< loUUmitlL 

Tu y, Pokmu an n Pi,ayr of Oliver Goldsmith. 
Tint Works of Ben Jonron. 

Vni„ i, — Tha Case is Altered. Every Man 
In His llumour. Every Man out of HL 

I Iiiiniiur. 

Vol. U, — Cynthb’s Roveib ; The PonUsler, 
Tim lost has Ikcu collated by H. C. Hart. 

T tut Pol IM $ of John Kk ats. Double volume. 
T’bn Text lias been collated by E. do i 
Sell noon ri, ! 

On t hf. Imitation oh Christ. By Thomas 

II Kempls, 

Tins translation Is by C. Bigg, DD., 
Cmum of Christ Church. 

A ttr.mous Call to a Devout and Holy 

I, i he. By William Law* 

J 'A 12 AU1 me IrfiftT. By John Milton. 
KlKUNOKl.AflTHfl AND THE TltNUHB OF KINGS 
and M AGISTRATKts. By John Milton. 

1 Finn A A Nil Pokmh, By Sir Thomas Moro. 
Till! Kupudlig OK Plato. Translated by 


Sydenham anil Taylor. Double Volnme, 
The translation orb been revised by 
\V. H, D. Rouse. 

The Little Flowers of St. Francis. 

Translated by W. Hey wo oil, 

Tub Works of William Shakespeare, In 
io volumes. 

Vol. t, — The Tempest i The Two Gentlemen 
of Verona j The Merry Wives of Windsor ; 
Measure for Measure; The Comedy ol 
Kit ore. 

Vol. 1 i. — M uch Ado About Nothing ; Lovq's 
L abour’s Lost; A Midsummer Night's . 
Dream ; The Merchant of Venice; As You 
Like It, 

Vol. li l- — T he Taming of Lhe Shrew ; All ’a 
Well that Ends Well; Twelfth Night ; The 
Winter's Tale. 

Vol. iv. — The Life and Death of King John ; 
The Tragedy of King Richard the Second ; 
The First Part of King Henry iv. ; Tha 
Second Part of King Hears' TV, 

Vol. v, — The Life of King Henry v. ; The 
First part of King Henry vi. ; The Second 
Part of King Henry vi. 

Vol. vi, — The Third Part of King Henry 
Vl. | The Tragedy of King Richard ill, ; 
The Famoui History or lhe Life of King 
Henry vmt. 

The Pokms of Percy Bysshe Shelley, lit < 
volumes* 

VoL I. — Alaalor ; The Dccvnon of the World \ 
The Revolt of li lam. etc. 

The Text has been revised by C D* Locnck, 
Tub Life of Nelson. By Robert Southey, 
The Natural Hi story and Antiquities of 
Seldorne. By Gilbert White. 


Textbooks of Technology 

lulled by G, F, GOODCHILD, M.A., B.Sc*, and G. R. MILLS, M.A. 
Fully Illustrated. 


IIuvvto Make aDhwkl By J. A. K. Wood. 

Fourth Juiitfrm Cr.Qw. 

CAiU'KN’ritY and Joinery. By F.C, Webber. 

Fifth Edition, Cr. 8w. 3'- 
Mili.inkry. Thkokutical and Practical, 
Hy Clurc Hill. Third Edition. Cr. Bvo. 

A u i N TIKUIUCTION TO T 1 IK S rUDV OF TeX- 
TIL1S 1)i-:ru;n. By Aldrod F, Darker. Demy 

HmujKKi? Quantities, By. H. C. Grubh. 

K iIktai* Work, By A. C. HoriU. 

O* tow. Gl' 


Electric Light and Powur.: An Intro* 
ductlon to the Study or Electrical Engineer- 
ing. By E, E, Brooks, B-Sc. (Land.) 
Second Master and Instructor of rliyalc* 
and Electrical Engineering, Leicester 
Technical School, and W- H, N-‘ James, 
A.R.C.S., A.LK.E,, Assistant Instructor 
of Electrical Engineering, MancbeHtrr 
Municipal Technical School. Cr. 8r<>. -|J, far. 

ENCHNEBKINa WORKSHOP PRACTICE, By 
C, C. Allen, Lecturer on Engineer inn, 
Municipal Technical Institute, .Coventry. 
With many Diagram*. Cr. Svo, at. 


Handbooks of Theology 

w* “ 0 '“' 
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Messrs. Mktuukn'h Catalogue 


or (lie questions dealt with; i» l«". >'» 'lefi.sail.lo l«« Jh-: i>' 

accurate and concise statement of taels and |i)lm:l|>lea in all <|»f sllmii <*' on 


Theology and Religion, 

Tiik XXXIX. Akticlrs P* Tira Cinmai ok 
England, Edited by K. C!. h. lilln.nn f 
D.D. Fifth and Cheaper Edition in ana 
Volume, Demy tivo, i jj. 6 d. 

An INTRODUCTION to .tub Ifisroitv ok 
Ubmgion. lly F* H. Jimms. M.A., 
Lltl.D, Third Edit ion. Dewy 8r.'* 

Tim Doctuink of tiik Incarnation. By a. 
I„ Otday, D-D. Second and Cheaper 
Edit fan . Demy Qt’O, iax. Gd. 


An iHTiiuMUCTinrf «o tiik Ht'-i'.'ijV iirnm 
Ck K iviM.. My A, I'-. I wi * n t ,n.n tinny 

Ktm. no. fid. 

Xiik I'lrn.o’tONiv or Ki:nuhin r*< Yu.i ami 
AM(J AMKIiIiIA. |l V Alii r < I I nMft ‘,11, 1 1, l>. 
Pemytiiui. ins. iuf. 

A llisinnvor Kami v c’linn ; has Hur innif, 
tty J. F. ili llnitir-lhilfi, M. A. Jhmyhv. 
in/. fid. 


Tho Wostmlnstor Oommontariou 

General Editor, WALTER LOCK, 1 ).l J.. Wntdni »t Krl.!.- I , .*lli“j-- 
Dnnn lrtsluml’u iVofeflUor of Kxe/'eJiiu m llm Uihvnr.tly <»l i Mnnl 


The oblccL of cadi comimininry in iiriiinu'ily usi'isHUmI, i" Iuir.|nn Itm mnh.|\ 
moaning to the present generation. Tim nlitnni will n<»1 iW*\ r s^i y ’vy*’., f 
dlnately, with niiesllonn of textual erliluiMii or philology ; bill, LiI.iim: I n ( nj;li h 
text in the Revised Version ns their Uiulrt, they will try In nunlilur u hr.nty nurpt. 
nnco of critical principle. 1 ! with loyally to tho Catholic rnith. 


The Hook ok Ornksis. Edited wlili lntm. 
dncilon mid Noios by S. R, I hlver, D.D. 
Sixth Edition Demytivo. uu, Cut, 

The Book ok Jon, Edilcd by K, C. S. Ollnmj, 
D.I), Second Edition. Demy tint, in, 
The Actb ok the Aiostt.km. Edited by lb 
IL Knckhum, M.A, Demy Ut*'i Third 
Edition, ioj, bd, 


Tiik Kijojt Ki'iMii; “l \*a* i, out A ' ar 

TO 'l Jin I MIANr-. l l-V M, | , 

(Itlllllgr, M.A. t'fniyl.i.*, i t, 

Tin: UmriTi.K in' Sr, Jami • rail.- | 'uiblri. 

Iroilurllmi mnl Noi» i l.y H, 

n.n. ntmywvo. in, 

Tiib Horn: ok K/i nrr, I M, A. 

M.A., l*. I, in. Dff- r<>. r.j', 


Pari 1 II. — Fiction 


A elder ley (Han. and Rov. JumosO. Author 
of ’Stephen Homarx. 1 BEHOLD THE 
DAYS COME, Second Edition, Cr. Or*. 

AiSjitidbI (E. Maria). SUSANNAH AND 
ONE OTHER. Fourth Edition, Cr, 
Bvo. 6 i. 

THE PLUNDER OF AN INNOCENT. 

Second Edition, Cv.fatp. fa. 
CAPRICIOUS CAROLINE. Second Edi- 
tion. Cr. tivo. 6 t, 

LOVE AND LOUISA. Second Edition. 
Cr. %vo, 6 s , 

PETER, A PARASITIC. Cr.tivo, 6 s. 
THE BROWN EYES OF MARY. Third 


Edition, Cr. 8 vo, 6 s, 

I KNOW A MAIDEN, Third Edition, 
Cr. Bw, 6 j. 

Anatoy (P,)k Author of 'Vico Verud.’ A 
BAYARD FROM BENGAL, Uhimnilcd 
by Bernard PAKTRIlHiK. Third Edition, 
Cr i 8 vo. qr. 6 d. 

Doorot (Richard). A ROMAN MYSTERY, 
Third Edition, Cr.tivo. fix. 

THE PASSPORT, Fourth Edition. Cr, 
%va 6x, 

TEMPTATION. Fourth Edition. Cr,tinj, 
fa* 


CASTING OF NKfS. *•*:?& E.f, E -,, i 

Hfc. ft t, 

DONNA DIANA. .1 .V#u. i.di^a it, 
ISi'e. f»r. 

I #0 VIC’S PROXY. r >| AVi.*/ id,/,rn.. 


(if. 

Unrlntf-UaitUI (S.), AKMINKM , Wifi 
Ed it fan, f V. fTr.\ fa, 

UK1TIL Fifth Edition , r . i\t, 

IN TIIK UOAU Ol l I I II, fH A 
Edit fan. Cr, l'i^, br. 

CHEAP JACK ZITA. Err tdifioi. 
Cr. 8 jm. 6 t. 

mauuicuy of oui lin it yr»ii./ 

Edit fan, C’r, 8iv, f«i , 

THE (JUEEN OF ItOVK. frjrh tidiiwn, 
Cr. llrv. 6r. 

JACniJICTTA, ThiidltEE, ■», i-.d.-. m. 
KITIY AM>N I-. Fifth Edit fa*,. iv ; fi,i, r f , 
NOKMI. ItliHliAlnl, ifautfE Hdtfhtn, i t 1 . 


8 vn. in i 

TIIK nUOOMdiQlN III:. 

Fifth Edit hit*, i.‘r, Ibv. /-i. 
DARTMOOU IDYLLS. r> i^ v 
THE PENNYCOMEgim’Kri 
Edition, t r. flea, fa, 

OlIAVAH TMK TTNNKU, 
Second Edit to n , <,V, tj ,-c, \\i. 


llhjillflkil. 

n. 

ThUd 

|lli|)lMP"li 


Fiction 


JU.ADVS OK T11K STEWPONKY. llluii- 
1 1 ,u i: it. Second Edition, 1 V, [■i'M. 6 s. 

iwho the priest, i.v. r*t. 

W k N EE K ED, I Hn-.li, iir i1 a Second Edition, 

(T, tlfii, tir, 

ROYAL iD.OKOlK, Illinlrnkd. Cr. Hint, (ir, 
M R.s nl 1 U.1K.T. Iklir.UiUcil. Cr. Hr.-ci. (ir. 
(Ill U. is' I H‘ AM, SORTS, (.V. Or. 

IN DEW 1 Kl .A N 1 1. Second Edit ion, Cr. 

n 7 •. r . (,j, 

LITTLE TU'PKNNY. .1 tS'av Juft lion. 6d, 
Sc»' sil Shilling Nnvrlu. 

Unmet t numii a.>, a wilderness 

WINNER. Second Edition. (V. tin*. 6 s, 

I In ir (.f jiiiieH). ! .At 1(1 H I Nil T II Rt. 11)0)1 
A WIUH- UNF.SS, I'ft tlfii. 6s. 

Iti.rr (Robert), IN Til K Mil OK 
ALARMS, Ihiid Edition. ( V, *lrv», fi, 
1111', STRONG A KM. Second Edition. 
fV. Him. in. 

Till. MUTABLE MANY. Third Edition, 

THE COUNTESS TKK1.A. fourth 
Edition, ( V. Pit', 1 , rn, 

Tin. IiAHY KLKGTUA, .Yrn’iif/ AVtftfuw. 

< V, |1(V, fir, 

III K TEMPESTUOUS PETTICOAT, 
Illir-U.ifi'il. VVrri ,/ Edition, Cr, Nr**, fix. 
!>n: .0 o Shtllim' Novell im«l R, < i Jilin, 

licithlo (llun»lilL Till 1 ; ADVENTURES 
iiKJHK nllN SPARROW. (V.lhv. 6 s. 
Ui lined llli.li el. KM MAN UKLHUIt J )KN, 
M KKCU ANT, Willi s f, llluMiallonn tiy 
( ■ , K. i'iirsr jiumjKi Second Ai/Z/wi. 

Hr*.', m, 

lleiinnii (1 !. I 1 .) DOW). Fifteenth Edition. 

i . V, i'iv. n». 

T H K i : A I'fi 1 N A. A V I t'H i/ A. fffiwi. O. U 


<ll !irr uliaShlllliM Nnvnk 

1 Ion a mi (Mtuuni M|. MJUJ JH1T TO 
VANITY, (V. II jv. y. vd. 

Itrctlierlnn (Enlpli). THE Ml Mr. Cr, 

Hr.*, m. 

Hm tint (J. Hluundollc), TIIK KATE 
OK VAJ.BkC. .Cr, JWv. (if. 


lire nKn Shllllriu Nnvr In, 

Lljijieri (Mcrimnl). Anilmr of ‘Tim J *nUn of 
Winr.‘ THE EXTRAORDINARY CON 


'/Aw/ 


revision si ik diaNA please 

Edition. 1‘*. H fn, 

A j A V OK ITALY- A.u rth Ed. ir, Uwi. At, 
J.OA V I,! i AN J i riS 1 1 KS, St nun/ Edition, 

( V. Ht*,*, fn, 

A KiHillK'S TRAGEDY. AVr.W Edition. 

Cr, JP'n, i'll. t 

Cliui Hint (fJniiilnll), MAVIC, Second lult* 

/nut. (>. Hr.', (ii, , „ 

Chouiiey (WuntticrhyL ‘nil 1 , IKAOEUY 
OK THE GREAT KMKUAl.U Cr. 

the* mystery ok a iiunoai.ow. 

SfCOttd Editiru, Cr, Ill'll, (tii 
Mi*n aim Miillinn Nuvnh. 

Corolll (Atnrto). A HOMANCK OK TWO 
WOK LllS. JfVi 
Iliy. 


I'tvtntySt f-i'rt/A Jfdiitoit. Cr. 
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VKNDKTTA. Tmnty-bi/th Edltim, Cr. 
t\vo. <5j. 

TJ l KLM A, Thirty-Sixth Edition . Cr. Qvo. 

ARljATH m . THK STORY OK A DEAD 
SELF. Seventeenth Edition. Cr, 8w. 6s. 
TIIK SOUL OK LILITH. Fourteenth Edi- 
tion, Cr. 6 s, 

W 0 R M W OOD. Fifteenth Ed. Cr. Bpo. 6j. 
UARAMlASt A DREAM OK THE 
WORLD'S TRAG1CDY, Forty-second 
Edition, Cr, hvo, Cs. 

TU j' 1 , SORROWS OK SATAN. Fifty-second 
Edition, Cr. Bt >o. 6 1. 

TIIK MASTER CHRISTIAN. Tenth 
Edition, Cr. Bw, 6s. 

TKMI'OKAL TOWER: A STUDY IN 
SUPREMACY. isq/A T/toutand. Cr. 
87/tf. 6s, 

GOD'S UOOT) MAN : A SIMPLE LOVE 
STORY. Eleventh Edition, ,Cr. Bp*. 6x 
TDK MIGHTY ATOM. Tiuenly-tixth Edi- 
tion, Cr, 8rr», 6x. 

ROY ; n Skotcli. Ninth Edition, Cr. 8vo. 6i. 
UA M Kt^S Twelfth Edition. Cr. B vo. 6s, 
Coloa (Mrs. Hvcrard), Son .Snrti JcamiotLc 
1 Jnru'un, 

CoUurell (Confltnnco). THE VIRGIN 
AND T1 IK SCALES. Illustrated. Second 
Edition. Cr. 8vo. llr. 

Crimo (filcplion) ntnl Barr (Robert)- 
THE (VKUJH)Y. CrZve. 6s. 

Crockett (S. RA Autlior of* The Raiders/ 
clc. 1 ,0011 INVAR. Illuutralei], Third 
Edition, Cr. Eva, flj, 

THE STANDARD BEAKER. Cr, Zvo. 6s. 
Crokor (U. M.). THE OLD CANTON- 
MENT. Cr.htto, 

I HI I A N N A . Second Edition, Cr, Bw>. 6s. 
THE HAPPY VALLEY. Third Edition, 

A °mNK ^ DAYS' WONDER. Third 
Edition, Cr. 6i, 

l' Et.it 1Y OK THE BARTONS. Sixth 
Edition, Cr. 8 vo, 6s. 

A N 1 1 E 1 Foil rth Edition. Cr, 6s. 

A STATE SECRET. Third Edition. Cr. 
Brin. «, (h(, 

Cronblo(Mnry). DISCIPLES, Cr, Zvo, 6j. 
Dmviinn (A. J). DANIEL WHYTE. 
(,V. II vo. fut. 

Ben no (liliiry). THE OTHER PAWN. 

Cr, tiro. 6s, ... 

Doylo (A. Comm), Author of ' Sherlock 
flulmcH. 1 ‘Tho Wldto Company/ clc. 
ROUND THE RED LAMP. Tenth 
Edition, Cr. r 
Duncun (Sum 
Cnlfcs), TJI 
AMERICAN) 

Cr. Bvir. hr. 

UlndlulorLL 11. 

OK JIALOC 

Cr, Rvp. 6s. • 

THE 1, ADDER TO THE STARS. Second 
Edition, Cr. Ben, Ox, 

Sea nluo lihllH im Novelu. 


i on nn otto) (Mr&. Evornrd 
IS K DELIGHTKUL 
, IlhiHtrniocl, Third Edition, 
icn ftlno Sliikllncr NovuIb. 

, THEOREhiN GRAVJtS 
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Messrs. Methuen’s Catalogue 


Plmllfiter (Mary). A NARROW WAY, 
j/j hint Edition* Cr.too.. 6s. 

THE "ROSE OF JOY. Third Edition. 
Cr. 8 rtf. 6r. , 

A BLIND BIRD’S NEST, With 8 Ulue- 
till ion 3. Second Edition. O', 6 vo. 6s, 
See also Shilling Novel*. 

Fltxpntrtck (K.) THE W1CANS AT 

RUWALLAN. IUuiiralcd. Second Edi* 
iron, Cr. 87 >0. fir. 

Francis (M. E.). STEPPING WEST- 

WARD. Second Edition , Cr. Bt^, 6r. 


Fraser (Aire. Hugh), Author of ‘The Stolen 
■ THE SLAKING OF THE 


Emperor, 

SWORD. Cr.Zvo. 6j. t 

IN THE SHADOW OF THE LORD. 

Third Edition . Crown Sim. 61, 
Fuller-Mnltland (BUn), Author of 'The 
Day Book of Bethm Hnjuacrc/ BLANCHE 
ESMRAD. Second Edition. Cr.too. 6s. 




THE CALL OF THE BLOOD. 

Edition. Cr. too. 6s. 

Hope (Anthony). THE COD IN THU 
CAR. Tenth Edition. Cr. 81 w. 6 1. 

A CHANGE OF AIR. Sixth Edition 
Cr. 81 ns. 6r. 

A MAN OF MARK, Fifth Ed. Cr. too, 61 
THE CHRONICLES OF COUNT AN 
TON 10 . Sixth Edition. Cr. too. 6s. 
PHROSO. Illustrated by If. R. 

Sixth Edition . Cr. too. 6*. 

SIMON DAL 1 L Illusiralecl. Seventh Edi/m 
Cr. 8 vo, 6s. , „ . 

THE KING'S MIRROR. Fourth hditm 
Cr. too. 6 1. . . 

QU 1 SANTK. Fourth Edition. Cr. too. 6 
THE DOLLY DIALOGUES. Cr.Zw. 6 
A SERVANT OF THE PUBLIC, Ilia 
(rated. Fourth Edition. Cr. too. 6s. 


Oates loan or) | Author of r The 


of n Prairie Girl. 
Cr. too. fir, 


THE PLOW-WOr 


Gerard (Dorothea). Author of ' Lady Baby.’ 
HOLY MATRIMONY. Second Edition. 


6s. 
Thiid 


Cr. Svo. 6 u 

MADE OF MONEY. Cr. too. 6s. 

THE BRIDGE OF LIFE. Cr. too, 

THE IMPROBABLE IDYL. 

Edition . Cr. too. 6 1. 

See aUo Shilling Novela. 

Qlaalnsr (George), Author of 'Dame*/ Mu 
the Year of Jubilee,' etc. THE TOWN 
TRAVELLER. Second Ed. Cr. too. 6 r. 
THE CROWN OF LIFE, Cr, too. 6s. 
Glefg (Charles). BUNTER'S CRUISE. 

Ulu&Lrated. Cr. too, jr. 6 d. 

Hamilton (M,). Author of 'Cut Laureli/ 
THE FIRST 
Cr, &vo. 6s. 

Harrnden (Beatrice). IN VARYING 
MOODS. Fourteenth Edition. Cr, too. 6s, 
HILDA STRAFFORD nud THE REMIT- 
TANCE MAN. Twelfth Edition. Cr. 
8rw>. 6 s. 

THE SCHOLAR'S DAUGHTER. Fourth 
Edition. Cr. too, 61. 

Ilnrrod <F.) (France! Forboa Robortaon), 
THE TAMING OF THE BRUTE, Cr. 

&M 7 . fir, 

Hcrbortson (Agnes 0 ,). PATIENCE 
DEAN. Cr. too, 6j. 

Hlahecm (Robert). THE PROPHET OF 
DERK.E LEY SQUARE, Second Edition, 
Cr. 3 m &r. 

TONGUES OF CONSCIENCE. Third 
Edition.. Cr. too, 6r . 

FELIX. Fifth Edition, Cr. too. 61 . 

THE WOMAN WITH THE FAN. Sixth 
Edition. Cr. 8*0. 6 s. 

BYEWAYS, Cr. too. fir. 

THE GARDEN OF ALLAH. Fifteenth 
Edition, Cr. too, fir. 

THE BLACK SPANIEL. Cr. too. fir, 


Hope (Graham), Author of ‘ A Cardinal an 
ui. 1 etc., etc. THE LAD 


his Conscience.' etc,, etc. THE LAD 
OF LYTE, Second Edition. Cr. too. 6 
HouBmon (Clcmcnco). THE I. 1 FK 0 
SI R AG LO VALE DEG A LIS. Cr. Bi*. 6 


MW* <C, J..Cutcll(te) li A l .,l;or cJ'Ojtaj 
lie/ 


Kellie/ MR. HORROCKH, PURSK 1 
Fourth Edition. Cr. too. fir. 

PRINCE RUPERT, THE, RUCCANEE 1 
Illustrated. Third Edition. Cr, too, 6 

Jacobs (W. W,). MANY CARGO El 
Twenty-Ninth Edition, Cr. 8 m 37. 6d 

SEA URCHINS. Fourteenth Edition,. C 

A 8 MA^rER‘ OF CRAFT, Illustrate 
Seventh Edition. Cr. Bm 3 s. 6d. 

LIGHT FREIGHTS. Illustrated. Six 
Edition, Cr. too. 6d. 

THE SKIPPER'S WOOING. Eighth hi 
t/on, Cr. too. 3r. 6 d. 

DIALSTONE LANE. Illuslmtod, Seven 
Edition , Cr. too. 31, 6d. 

ODD CRAFT. Illustrated. Seventh E 
Hon. Cr. too, 31. 6 d. 

AT SUNWICtf PORT, Illiiairati 
Seventh Edition. Cr, too. 3*. M, 

James (HonnO. THE SOFT SIDE, Seco 
Edition, Cr. too. fir. 

THE BETTER SORT. Cr. too. 6s. 

THE AMBASSADORS. Second Edit t 
Cr. too, 61. 

THE GOLDEN BOWL. Third Edt/i 
Cr. too, 6s, 


Kenya (H. A. Mitchell). HE TIL 
EATETK BREAD WITH MIC. 1 
Bm fir. 


Renter (Vnughnn). THE FORTUN 
OF THE LAN DRAYS. Cr, 8 m fir. 


Lawlcfi* (Hon. Emily). WITH KS 5 , 
IN IRELAND. Cr. too, 6s. 

See alao Shilling Novol*. 


Le Quoux (W.L THE HUNCHBACK 
IINSTER. Third Edition . 


WESTM 
Buo. fir. 

THE CLOSED BOOK. 
Cr. Bw, fix. 


Third Edit 


I 


Fiction 
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T 1 IK VAU.KV OK THE SHADOW. 

Illustrated, Third Edition. Cr.Bvo, 6x. 
UK 1 1 IN 1> THE THRON E. Third Edition. 
CV. Or, 

LoveU-Ytutfl (S,). OR RAIN. Second 
Edition. Cr, BViJ. Gx. 

London (Jack), Author of ‘The Call of the 
Wild,' ‘The .Sea Wolf/ otc. WHITE 
FANG, Fourth Edition. Cr.Bvo. 6s. 
l«ui!jin(U. V.)< LISTENER'S LURE : An 
uhlii|uc Narration. Crown toe. Fourth 
./stiff io jt, CV. Boo. 6s. 

(RdmO. DERRICK VAUGHAN, 
NOVELIST. ^Htl Thousand Cr. 8 vo. 

^r, fir/. 

AVCnrUiy (Juatln H.) ( Author or ‘ If I were 
, IHK LADY OF LOYALTY 
JlOLISH, IllmUratcd. Third Edition. Cr. 
8r >o. Os. 

THE DRYAD. Second Edition, Cr.Bvo. 6 1 . 
Mucdonnld (Ronald), TIIE SEA MAID. 

Second Ts’r iition, Cr, Bvo. 6t. 

A HUMAN TRINITY, Second Edition, 
Cr. Bvo, 6s. 

Alacnaujtlitan (S.). THE FORTUNE OF 
OHR IST1N A MACNAIJ. Fourth Edition. 
Cr. bvo* 6x. 

MiiTot(Lucna). COLONEL ENDERBY'S 
WIFE. Fourth Edition, Cr.Bvo. dr, 

A COUNSEL OF PERFECTION. New 
Edition. Cr. Bvo, 6s, 

THE WAGES OF SIN. Fifteenth Edition. 

Cr. Brw. C>r. 

THE CARISSIMA, Fourth Edition. Cr. 
8vv, dx, 

T1 1 K GATELESS HARRIER. Fourth Edi- 
tion . Cr. Brw. Cr. 

THE HISTORY OF SIR RICHARD 
CALM A J )Y. Seventh Edition. Cr.Bvo. 6s, 
ttua also lh>ohs for lkm and Girls. 

Mnnn (Mrs, M. E.). OLIVIA’SSUMMKR, 
Second Edition. Cr. Bvo, 6s. 

A LOST ESTATE. A New Edition. 

Cr, Up, i, dr, 

T 1 1 K PA RIS 11 0 V H I LBY. A New Edition , 
Cr, fltv, 6s. 

THE PAKLSII NURSE. Fourth Edition, 
Cr, 8 tv, Gr. 

G RAN'MA'S JANE, CV. Bvo. fir, 

MRS. PETER HOWARD. Cr.Bvo, 6s. 

A WINTER'S TALE. A New Edition. 
Ci\ Bvn. Gr. 

O NR AN OTI I KR'S 11U RD EN H. A New 
Edition, Cr. Gr/t\ dr. 

HOSE AT H ON KY POT. Th ird Ed. Cr, 
Bvo. Gr. San nlso Honks for Hoy a nml Girls, 
THE MEMORIES OF RONALD L0V1A 
CV. fivo. 6x. 

THE ICG LA MORE PORTRAITS, Third 
Edition. Cr, 8 t/ 0 . dr, 

Mmrlott (Charles), Author of ‘The 
Column.* GENEVRA, Second Edition . 

Marn I? (Richard). THE TWICKENHAM 
PEERAGE. Second Edition, Cr.Bvo. 6t. 
THE MARQUIS OF PUTNEY. Second 
Edition, Cr, 8 r*<j, 6t. 


A DUEL. Cr B vo, 6s. 

IN THE SERVICE OF LOVE. Third 
Edition. Cr. 8 tw, dr. 

Scania Shilling Novels, 

Motion (A. B. WA Author of ‘The Four 
Feather*/ otc. CLEMENTINA. Illus- 
trated, Second Edition. Cr. 8r to. dr, 
Mnthofa (Helen), Author of 'Condo' thro' 
the Rye.’ HONEY. Fourth Edition. 
Cr. 8 vo. dr. 

GRIFF OF GRIFFITHSCOURT. Cr. Bvo. 

di, 

THE FERRYMAN. Second Edition. Cr. 
Bvo. 6s, 

TALLY-HOI Fourth Edition. Cr.Bvo. dr. 
Maxwell (W. B.). Author of ‘The Ragged 
Meucnger," VIVIEN. Eighth Edition, 
Cr. B vo. dr. 

THE RAGGED MESSENGER, Third 

Edition , Cr. Bvo. 6s. 

FABULOUS FANCIES. Cr. Bvo. dr. 

THE GUARDED FLAME, Seventh Edi- 
tion. Cr. Bvo. 6s. 

THE COUNTESS OF MAYBURY, Fourth 
Edition, Cr, Bvo. 6s. 

ODD LENGTHS. Cr. Bvo. 6e, 

Moade (L. T.). DRIFT. Second Edition. 
Cr, Bvo. dr. 

RESURGAM, Cr. Bvo. 6s. 

VICTORY. Cr . Bvo. 6t. ' 

See nho Books for Boy» and Girls, 

Melton (R.), CAESAR'S WIFE. Second 
Edition. Cr, Bvo. 6s. 

Morodlth (Bills). HEART OF MY 
HEART. Cr. Biv, dr. 

Mlllor (Esther). LIVING LIES. Second 
Edition. Cr. 8vo. 6s. 

‘Mica Molly 1 (The Author of). THE 
GREAT RECONCILER. Cr. Bvo. 6s. 
Mltford (Bertram), THE SIGN OF THE 
SPIDER. Illustrated. Sixth Edition. 
Cr. Bvo. ix. 6d. 

IN THE WHIRL OF THE RISING. 

Third Edition. Cr, 8rw. 6s. 

THE RED DERELICT. Second Edition. 
Cr. Bvo, 6r. 

Montresor (P. PA -Author of ‘Into the 
Highways anti Hodge*.' THE ALIEN. 
Third Edi lion. Cr. Bvo. dr. 

Morrison ([Arthur). TALES OF MEAN 
STREETS. Seventh Edition. Cr.Bvo. 6r. 
A CHILD OF THE JAGO. Fifth Edition 
Cr. Bvo, 6s. 

TO LONDON TOWN. Second Edition. 
Cr. 8 vo. 6s. 

CUNNING MURRELL. Cr. B vo. dr. 
THE HOLE IN THE WALL- Fourth Edi- 
tion , Cr. Bvo. 6s. 

DIVERS VANITIES. Cr. Bvo, 6s. 

Nesblt IB.). (Mr*. E. Bland). THE RED 
HOTJbE. Illustrated. Fourth Edition 
Cr. 8 vo, dx- 


Sae aUo Shilling Novels. 

Norris (W. E.), HARRY AND URSULA. 

Second Edition. Cr* Bvo. dr. 

Ollivant (Alfred). OWD BOB, THE 
GREY DOG OF KEN MUIR, Ninth 

Edition. Cr. Biw. dr. 
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Oppenh.lm (B. Phmip»). 


MASTER OF 

N “piurth Edition. Cr.tot. fcr. 

°IS 

mSTSats' of the'desert. Fifth 
Cr. 8 w._0*‘ w;th a p^mSspicco 


Edition . . <-;■ -«s ce - 
TROFIT AND LOSS. 

in photogravure by 


'Feurth'Wtiitoth Cr.tvA 6s. 


HAkOt.L) CotPlNG- 


IQ * Author or f Daad Man’s Koi:V 

wi ~ 


II I 


man & 

Second KM**"' 


t r . 


tvHITIi WOLF. 

THEMAYOR OF TROY. Fourth ti.SU 
MERRY GARDEN AN I» o'' in K 

- 6j. 




. DIV. 

THf'lOiTg ROAD. With a Fnanlisplecc 
T ”y Harold Corp.no. Third Edd.on. 

PcIo fBarryt' LINDLEY KAYS. Third 

Parkor°(bnbort). tf PIERRE AND HIS 
PEOPLE. Sixth Edition, Cr \ 8m 6s. 
MRS. FALCHION. Fifth Edition. Cr.Zvo. 

THE TRANSLATION OF A SAVAGE. 

rffitfSt OF W‘ SWORD IIIUP. 

WHEN' VALMOND CAME TO PONTIAC j 
The Story of a Lost Napoleon. Fijth 

AD VENTURER 6 0 F THE NORTH. 
The Lust Advantures of 'Pretty Pierre. 
Third Edition. Cr.tvo. tr Tll n 

the seats of the mighty. II uo- 

"rated- Fifteenth Edition, Cr.lvo. te, 
THE BATTLE OF the STRONG: a 

Romance of Two Kingdoms- IllustraLed. 

thI ? pomp'of C Vhe lavilettks. 

THE Footsteps 

OF A THRONE. Illustrated. Third 
Edition. Cr. Srw. 6s. 

I CROWN THEE KING. With Illuitra. 
tiorii by Fnutk Dadd and A. Fonefiticr, 

PMlijloSa (Eden). LYING PROPHETS. 

Third Edition. Cr.too. 6 t. 

CHILDREN OF THE MIST. Fifth Edi- 
tion. Cr. 8m 6s, 

THE HUMAN BOY. With a Frontispiece, 
Fourth Edition. Cr. Bud. 6j. 

SONS OF THE MORNING. Second 
Edition. Cr. hvo. 6i. 

THE RIVER. Third Edition. Cr.Zvo. 6s. 
THE AMERICAN PRISONER- Fourth 
Edition, Cr. B vo. 6f. 

THE SECRET WOMAN, Fourth Edition. 
Cr, B vo, 6s. 

KNOCK AT A VENTURE. Wltha Frontis- 
piece. Third Edition. Cr. B vo, 6f. 

THE PORTREEVE Fourth Edition. Cr, 

THE POACHER’S WIFE. Second Edition. 
Cr. 8 vo, 6i. 

See also Shilling Novels- u 
Pickthflll (Marmaduko). SAID THE 
FISHERMAN. Sixth Edition.' Cr.hvo. 
6s. 

BRENDLE. Second Edition* Cr. Evo. 6s. 
THE HOUSE OF ISLAM, Third Edl* 
iioru Cr* 8to, 


tiV 


Comedy,’ flic. — 

u^ R *c>^Snf;wr,o.NG _ 

Jkftfc v. 

A SON OF T1IK STATE. SramdJun/n 
A BREAKER' ofr LAWS. 

MRS. 8 GAl1?R 6 H BUSIN ICSS. 

Second Edition. Cr.Kvo- ftf r „ 
SECRETARY TO BAYNE. M.I* ( . 

Tlfli 6 WICKITAMSIiS. fourth tuiitf . • ' 

M EAHT *■ 


A Ntw tuiili" 

llln^h-itr 


d 


i J 


fC. Hi D.J. in I 1 ' r 

thkaViknt woon- f <-• i’:'-,, 

«TJk & h i W/ -■ 

IHS^IsjIaND ^PRINCESS. Illiru* - i- ■ • ■ 
Second Edition. Cr* i>vo. f> f * 
ABANDONED, Second AVfiV/.'rt. f f ’ ’ 

See nleo Rooks for lioyb and 
Sergeant (Adeline). IlA R1IA K A*- 1 

MONEY. Cr. 0m 6 j. _ 

THE PROGRESS OF RACHAEL- < r. 

the mystery of the moat, av< 

Edition. Cr. Bw. 6s, .... 

THE COMING OF TUI6 KANHU1#I , I I • ’ 
Cr. 0 vo. 6s. 

Son also Shilling Novobi. 

Shannon. (W.P. TI1K MUSS HICK 
Cr. 8 vo, 3 *. 6iA 
See nlsa Shilling Novel n. 

Shelley (Bertha). ENDERHY- Thud t ■ * 
Cr. 8 vo. 6s. „ , , . , 

Sldcrwick (Mr«. Alfred), Antliyr of 
tfiltt’i Way.' THE KINSMAN. WI, . ■ 
Illustrations by C. It. llnoitK. ’ihii.S A ■ r 

SonnlchsenCAIbort). DEEl’-HKA VAUA 
BONDS. Cr. flw, 6s. 

Snnbury (George)* THE KAPLNN' 
MILLIONAIRE. Cr. 8^, V. fid. 
Urq«hnrt(M.), ATUACiKDVJN i:o»l 
MONPLACE. Second lid. D, lli ^ A, 

1)11 


WnJnemnn (Paul). THE HOMO OF 
FOREST, Cr. 8w, C>t. 


See also Shilling Novels. 

Waltz (B. Ci), THE ANCIENT LAS J : 
MAuKi A Kentucky Hbuimme* «>. flt- 


FACTION 
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Watsoj. ^cURSION9 0tt k 
CAPTAIN FORTUNE. Third Eaiiicn, 

Tu^Ti-i-TEO ‘eglantine. With a rilun- 

Yrlfiooa 1>y *«"<* CRA,a - Third EdiiiCH, 

rrSZ; j*rlG i/tOIJY. With a Frontispiece. 

A jcrfitiofr Cr . 8™. 65. 

. J m1T>SUMMKR DAY'S DREAM. 
A -rJJvJ' jCiiithn. Crenvn 81/0. dr, 

U Sh i Inn Novak 

W«lte («• ™* SKA LADY. Cr. 

u/ltfrnnil (Stanley), Author of • A Geiulemnn 
W °/!?l£,\ca ■ UNDER Tllli UKD ROllK. 
w!t£ IlliislrftUowa by K. C. Woimviu.*, 
jXA . firth Edition. Cr. 8w». Gx. 

/ sXcwnrt EL), Author of 1 Tho Blrucil 
VV V l ^f[ ' CONJUROR'S .HOUSE. A 
Jiornouca of tho Frco Trail. Second Edition. 

WIUtoTl'^vy)- THK SYSTEM. YAM 
j.'sfj * Cr. ftvo, 6 t 1 
THR PATIENT MAN. tore/rtf Edition, 

\vm? ain b (Margery)- THK BAR. Cr. 

&*£*. <5l"a 


Wlltlcmuon (Mrs, C. N.), Author of ‘The 
Rarnai ormerB.' THIS ADVENTURE 
OF PRINCESS SYLVIA. Second EdE 
tion. Cr. 8 vo. 6 s. 

THU WOMAN WHO DARED. Cr . Bi*. Gj. 
THE SKA COULD TELL, Second Edition. 
Cr. Bra». 6t. 

THE CASTLE OF THE SHADOWS, 
Third Edition, Cr. Bvo, 6 s. 

PAPA. Cr, 8 vo. 6 s. 

W llllnmson (C. N. and A, M»), THE 
LIC LIT N INC CONDUCTOR : Being the 
Romania of a Motor Car. Illustrated, 
Sixteenth Edition. Cr. Bo<j, 61 . 

THE PRINCESS PASSES, IlLusu-alod. 

Eighth Edition. Cr. Bvo. 6 s. 

MY PklKND THK CHAUFFEUR. With 
16 llluaimiiotis, Eighth Edition . Cr. 
8 tw, 6 x, 

THE CAR OF DESTINY AND ITS 
E U R A N I ) I N S P Al N. Third Edition. 
Illustrated, 

LADY HETTY ACROSS THE WATER. 

Sixth Edition. Cr. 8 vo, 6 s. 

WyJIardo (Doll). Author of 'Uriah the 

lllilitc.' THlfi pathway of the 

PIONEER (Nous AutrcaX Fourth 
Edition, Cr. 8w. 6 s. 


Methuon's SlillUng Novels 

Cr. &vo, C/oth t 1 j. tie/. 


Autlioi- of ‘MIbs Molly.' THE GREAT 
RISCONCILEU. 

Bnlfour* (Andrew). VENGEANCE IS 
MINK. 

TO A JLlVf S- 

MRS - CURGKNVEN 
OF fclLJRGENVKN. 

thu? 'r nonisumts. 

CHRIS C)l f AI.l. SORTS. 
DARTMOOK 1I3YI.I.S, 

Bbj’Iot.v (Jttiio). Author of ‘Irish Idylls. ' 
"'ROM TJlfe HAST UNTO THIS 

W T 7 * ^ r J ' 

A ClohK.T. OF IRISH STORIES, 

TH1C FOUNPlNd OK FORTUNES. 
THTL I.AJNTJ) OF THK SHAMROCK, 
Hnn- YRoltert). THE# VICTORS, 
hirtinm «loor ff o), THIRTEEN EVEN. 

Denson' (13, V.), Author or 'Dodo.' THE 
CAT* BUST A, 

Bowles <0. Stownrt). A STRETCH OFF 
THK J AND 1 

Brooko CnmntB). THK POK.r» CHILD. 
Dullock (Slmn 1%), THE DARRYS+ 
THTii CXIAUMER, 

THT5 SQXJIREKN, 

THE ILLOn LEAGUERS, 

Durton TJ, Dloundollo)* TIIK CLASH 
OF ARMS. 

denounced. 

FOR'riTlSIK'S MY FOR, 

A BRANDED NAM IC. 


Canos (Bernard). AT A WINTER'S 
FIRE. 

Clics^ncfy (Wcathorby), TIIK BAPTIST 

THE BRANDED PRINCE, 

TIIE FOUNDERED GALLKON. 

JOHN TOPP, 

THE MYSTERY OF A BUNGALOW. 

Clifford (Mrs. W. K.). A FLASH OF 
SUMMER. 

Cobh, Thomne. A CHANGE OF FACE, 

Colllntrwood (Harry), THK DOCTOR 
OF TIIK 1 JULIET. 1 

Cornfortl (L. Copo). SONS OF ADVER- 
SITY. 

Cot torcll (Conatnnca). THE VIRGIN 
AND THE SCALES. 

Crnno^Stopbon), WOUNDS IN THK 

Donny (C. F3.), THK ROMANClt OF 
U PI- OLD MANOR. 

Dlckltifloa (Evolyn). THE SIN OF 
ANGELS. 

Dickson (Harris). THK BLACK WOLF’S 
URIiKD. 

Duncan (Sura J,). TIIK POOL IN THK 
DESERT. 

A VOYAGE OF CONSOLATION. Ilhui 
Irutod. 

Hmbroo (C. P,V A HEART OF FLAME. 

hmlrfltcd. 

Penn (Q. Mnnvlllo). AN ELECTRIC 
SPARK. 

A DOUBLE KNOT 
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A DAUGHTER OF 


FlndlBter(Jano HO- 
ST RIFE. 

Fltzstephen (Q.)« MORE K.IN THAN 
KIND. 


Fletcher (J. S.). DAVID MARCH. 
LUCAN THE DREAMER 


IVI r.xv. __ 

THE SWORD OF 


Forrest (R. E.). 

AZRAEL. 

Francis (M. E.). MISS ERIN. 

Gallon (Tom). RICKERlW'S FOLLY. 
Gerard (Dorothea). '1 HINGS THAT 
HAVE HAPPENED. 

THE CONQUEST OF LONDON. 

THE SUPREME CRIME. 

GlIchrist(R. Murray). WILLOWnRAKE 
Glanvllle (Ernest). THE DESPATCH 
RIDER. 

THE KLOOF PRIDE. 

THE INCA'S TREASURE*. 

Gordon (Jullen), MRS. CLYDE. 

redemption of 

DAVID CORSON. 

ara^(Q. M'Quecn). MY STEWARD 


Neablt. E. (Mrs. Blond). THE LITER* 

ARY SENSE 


NofsigJQK! ^2 usi?n OCTAVE ’ 


MATTHEW - 

WAI 

SIR ROBERT'S FORTUNE. 

/^GMSHMAN. 
Penny (Mrs. Frank). A- MIXED MAK- 

PhUlpe'tte (Edon). TUB STKTKINO 
HOURS. 

Pryco (Richard). T1MK AND. Till 1 . 


J 


AUNT HViTHIA’S 


FORTUNE'S DAK- 


Hale» (A. QA JAIR THE APOSTATE I 
Hamilton (Lord Ernest), MARY HAMIL- 

HaSn (Mr^. Burton). A PRINCESS 
OF T V F. T 1LLS. IlluatTnted. 

Hnnour (\A THE SINGER OF MARLY. 
Hough (Emerson). THE MISSISSIPPI 

■ [otaMMri. Caffyn). ANNE MAUI.K- 

Jopaon (Edgor), THE KEEPERS OR 
THE PEOPLE 


Kenry (C. P.). THE JOURNALIST. 
Koll7(^nce Finch). WITH HOOPS 
OF STEEL, _ . 


Linden (Annie). A WOMAN OF SENTI- 
MENT. 


Lorlmer (Norma). JOSIAH'S WIFE. 
fcSVhl (ChnrlM k!). THE AUTOCRATS 
- ' ‘ THE STORY 0» 


Mucdonell (Anno). 

McSh A ‘(HW0ld). THE PUPPET 
CROWN. 

fYlackle (Pauline Bradford). THE VOICE 

MaMb T \ I Rlchard). R1 'THlE SEEN AND 
THE UNSEEN. 
garnered. 

A METAMORPHOSIS, 

MARVELS AND MYSTERIES, 

BOTH SIDES OF THE VEII 


ryco (Ulc 
WOMAN. 

Randall (John). 

BUTTON. 

Raymond (Walter). 

Unvnor (Olive PrntO* ROSALBA, 
RhySTaVaco)! THE DIVERTED VII, 

Rtckert (Edith). OUT OF THE CYPRESS 
SWAMP. 

Roberton(M. H.). A GALLANT QUAKER. 
Rues'll, (W- Clark). ABANDONED. 
Saunders (Marslinll). RO.Slu A CHAR- 
UTTE. 

Sergeant (Adeline). ACCUSED AND 

ACCUSER. 

BARBARA'S MONEY. 

THE ENTHUSIAST, 

THE LOVK’tHAT OVERCAME. 

THE MASTER OF UKECHWOOn. 
UNDER SUSPICION. 

THE YELLOW DIAMOND. 

THE MYSTERY OF THF. MOAT. 

THE PROGRESS OF RACHAEL, 
Shannon <W. R). JIM TWELVES, 
Stephens <R. N.). AN ENEMY OF THE 
KING. • 

Strain (E, II.). ELMSLIE'S DRAG NET. 
Stringer (Arthur). THE SILVER POPPY, 
Stunrt (Esmfe). CHUISTALIA, 

A WOMAN OF FORTY. 

Suthprlnnd (Uuchoss of). ONE HOUR 

SwonVAnnVolDLOVF, GROWN COLD. 
Swllt( Benin min). SORDON, 

Tnnquorny (Mr*. B. M.). THE ROYAL 
QUAKER. 


M^nllJJ. W.). THE CYNIC AND THE 


SYRKN. 

Meade (L. T.), RESURGAM, 
Monkhouse (Allan). LOVE IN A LIFE* 
Moore (Arthur). THE KNIGIIT TUNC* 
TILIOUS. 


TlVomgwnCVnnco). SPINNERS OF 


LI Fi 


Tfnfford-Tmmton (Mrs.H.Wi). SILKNT 

Upward (Allen), AT1IKLHTANK PGR!), 
Wnlnomtn (Pnul), A HEROINE FROM 
FINLAND. 

BY A FINNISH LAKE. • _ 

Watson (H. B, Marriott), THE SKIRTS 
OF HAPPY CHANCE, . , 

1 YuckP TALES OF DU N ST A BUS W 1C1K, 


